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1. General Description 


The RM68050 is a single-chip liquid crystal controller driver LSI for a-Si TFT panel, comprising 172,800 
bytes RAM for a maximum 240 RGB x 320 dots graphics display, source driver, gate driver and power 
supply circuit. For efficient data transfer, the RM68050 supports high-speed interface via 8-/9-/16-/18-bit 
ports as system interface to the microcomputer and high-speed RAM write function. As moving picture 
interface, the RM68050 supports RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, and DB17-0). 


Also, the RM68050 incorporates step-up circuit and voltage follower circuit to generate TFT liquid crystal 


panel drive voltages. 


The RM68050's power management functions such as 8-color display and power operation mode such 
as deep standby mode, standby mode and sleep mode make this LSI a perfect driver for the medium or 
small sized portable products with color display systems such as digital cellular phones or hand-held 


devices with outstanding battery consistency. 


2. Features 


€ =A single-chip controller driver incorporating a gate circuit and a power supply circuit for a maximum 


240 RGB x 320 dots graphics display on amorphous TFT panel in 262k colors 
e System interface 
1. High-speed interface via 8-, 9-, 16-, 18-bit parallel ports 
2. Clock synchronous serial interface 
e Moving picture display interface 
1. 6-, 16-, 18-bit RGB interface (VSYNC, HSYNC, DOTCLK, ENABLE, DB17-0) 
2. VSYNC interface (System interface + VSYNC) 
e High-speed RAM write function 
e Window address function to specify a rectangular area writing data in the internal RAM 
e Write data within a rectangular area in the internal RAM via moving picture interface 
e Reduce data transfer repeat by specifying the area in the RAM to rewrite data 


e Support displaying still picture data in RAM area while displaying moving pictures simultaneously 
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e Abundant color display and drawing functions 
1. Programmable y-correction function for 262k-color display 
2. Partial display function 
e Low power consumption architecture (allowing direct input of interface I/O power supply) 
1. Deep standby mode 
2. Standby mode 
3. Sleep mode 
4.  8-color display function 
5. Input power supply voltages: IOVCC = 1.65V~3.3V (interface I/O power supply) 
VCI = 2.5V~3.3V (liquid crystal analog circuit power supply) 
e Incorporates a liquid crystal drive power supply circuit 
1. Source driver liquid crystal drive/VCOM power supply: DDVDH-GND = 4.5V ~ 6.0V 
VCL-GND - -2.0V - -3.0V 
VCI-VCL < 6.0V 
2. Gate drive power supply: |. VGH-GND = 10.0V ~ 19.8V 
VGL-GND = -4.5V - -13.5V 
VGH-VGL x 30.0V 
3. VCOM drive (VCOM power supply): © VCOMH = (VCI+0.2)V ~ (DDVDH-0.2)V 
VCOML = (VCL+0.2) V ~ OV 
VCOMH-VCOML amplitude = 6.0V (max.) 
e Liquid crystal power supply startup sequencer 
€ TFT storage capacitance: Cst only (common VCOM formula) 
e 172,800-byte internal RAM 
e Internal 720-channel source driver and 320-channel gate driver 


e Single-chip solution for COG module with the arrangement of gate circuits on both sides of the 
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glass substrate 
e Internal reference voltage: to generate VREG1OUT 


€ — CABC (Content Adaptive Brightness Control) 


————————————————————————————————— À—————"À—M—ásri 
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Table 1 Power Supply Specifications 


No. Item RM68050 
1 TFT data lines 720 output 
2 TFT gate lines 320 output 
3 TFT display storage capacitance Cst only (Common VCOM) 
4 Liquid crystal S1-S720 VO-V63 grayscales 
drive output G1-G320 VGH-VGL 
VCOM Change VCOMH-VCOML amplitude with electronic 
volume 
Change VCOMH with either electronic volume or 
from VCOMR 
5 Input voltage IOVCC 1.65V~3.30V 
(interface voltage) Power supply to IMO/ID, IM1-3, nRESET, DB17-0, 
nRD, SDI, SDO, WR/SCL, RS, nCS, VSYNC, 
HSYNC, DOTCLK, ENABLE, FMARK. 
Connect to VCC and VCI on the FPC when the 
electrical potentials are the same. 
2.40V~3.30V 
VCI 
(liquid cptal Mae Connect to IOVCC and VCC on the FPC when the 
E AN electrical potentials are the same. 
6 Liquid crystal DDVDH 4.5V ~ 6.0V 
drive voltages | VGH 10.0V ~ 19.8V 
VGL -4.5V ~ -13.5V 
VGH-VGL Max. 30.0V 
VCL -1.9V ~ -3.3V 
VCI-VCL Max. 6.0V 
7 Internal VLOUT1 (DDVDH) VCI1x2 
step-up circuits | VLOUT2 (VGH) VCI1x4, x5, x6 
VLOUT3 (VGL) VCI1x-3, -4, -5 
VCL VCI1x-1 
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3. Block Diagram 


IOVCC Index 
IM[3:0] Register 
nRESET UR) 
nCS MPU I/F Y LCD 
nWR/SCL 18-bit Control Address Source S[720:1] 
nRD pas Register Counter Driver 
RS HE (CR) (AC) 
SDI/SDA 
SDO SPI I/F 
DB[17:0] 
HSYNC RGB LE [vo=vss 
Vane E AAA AN Grayscale 
DOTCLK 6-bit Reference VREG1OUT 
ENABLE re — Voltage s 
TEST1 VSYNC I/F 
TEST2 DUMMY1~15 
TEST3 Graphics RAM DUMM er 
TS[8:0] (GRAM) 
VCC 
GND Regulator G[320:1] 
VDDD 
Timing 
LEDPWM Brightness Controller 
LEDON 
YO VCOM 
GND Generator PED 
VCI 


oo A m d 4 m «rmm Tod 
hn A sSg NRRSOE xz 
OUZzOOOCCOC UUUO> oO 
A OO 
a >> 
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4. Pin Diagram 


Alignment Marks 
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€ Chip size: 17.82 mm x 0.73 mm (Include sealing and scribe line) 
€  Chipthickness: 280 um (typ.) 

€ PAD coordinates: PAD center 

€ PAD coordinates origin: Chip center 

€ — Au bump size 

4.1.1 16um x 98um: Gate:G1~G320, Source:S1~S720 

4.1.2 50um x 80um: Input Pads, Pad 1 ~ 243 

€ Au bump pitch: See PAD coordinates table 

€ Au bump height: 12um (typ.) 


€ X Alignment mark 


Alignment mark shape X Y 
-8751.0 214.5 
Type A 
8751.0 214.5 
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1201[G141_ — | 
1202]G1433 ^ | 
1203|Gi4s ^ — | 
1204|G147 — — | 
1205|G149 ^ — | 
12066151] -7299| 
1207|G1533 — — | 
1208|G155 ^ | 
1209|G157 | 
1210|G159 — — | 
12116161] -7379| 
1212|G163 | 
1213|G165 | 
1214|G167 | 
1215[Gi69 | - 
1216J6171 | -7459] 
12176173 | 
1218|G175 — | 
1219|G177 | 
12208:3:;9 _ |- 
1221 
1222]p3 |- 
1223|G185 ^ | 
1224[Gis7_ | 
1225|Gi89 ^ — | 
1226|G193] ^ — | 
1227|G193 ^ | 
1228|G195 ^ — | 
1229|G197 ^ — | 
1230|G199 | 
1249|G237 — -7987 
1253|G045 . — | -8051 
1254|G247 — — | 
1255|G249 ^ — | 
12591G257_ — | -8147 
1260]G259 ^ — | 


conl | SY 
SIS] Feo Feo, 
len) eI Kan! Kan! 
ex [co [xr |.o 
co [co [coco 
CN [ON [ON [ON 
Al Al bl 


1237[G213 | 
1238[G215 | 
1239|G217 _ _ | 
1240[G219 | 
1241 
1242[G223 | 
1243[G225 | 
1244|G227 | 
1245[G229 | 
1246|G231 | 
1247[G233 | 
1248[G235 | 
1251 
1257[G253 | 


= 
e 
ON 
Y 
= 
e 
N 
= 
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5. Pin Function 


Table 2 Interface 


When not 
Signal I/O | Connect to Function 
in use 
IM3-1, | IOGND or Select a mode to interface to an MPU. In serial interface operation, | - 
IMO/ID IOVCC the IMO pin is used to set the ID bit of device code. 
m3 m2 iwi "O Interface Mode DB Pin 
0 0 0 0 Setting disabled - 
0 0 0 1 Setting disabled - 
80-system 16-bit 
1 0 ntedace DB17-10, DB8-1 
0 0 1 4 80-system Sal DB17-10 
interface 
Clock synchronous 
9 1 o (ID) serial interface - 
9-bit 3 wires Serial 
» 1 1 » Peripheral Interface SDA, SCL, NGS 
0 4 4 4 8-bit 4 wires Serial SDA, SCL, nCS, 
Peripheral Interface RS(D/CX) 
1 0 0 0 Setting disabled - 
1 0 0 1 Setting disabled - 
4 0 4 0 80-system 18-bit DB17-0 
interface 
1 0 "EE fs ee DB17-9 
interface 
1 1 0 0 Setting disabled - 
1 1 0 1 Setting disabled - 
1 1 1 0 Setting disabled - 
1 1 1 1 Setting disabled - 
nCS | MPU Chip select signal. Amplitude: IOVCC-IOGND IOGND 
Low: the RM68050 is selected and accessible 
High: the RM68050 is not selected and not accessible. 
RS | MPU Register select signal. Amplitude: IOVCC-IOGND IOVCC 
Low: select Index or status register 
High: select control register 
Fix to either IOVCC or DGND when not in use 
nWR/SCL | MPU Write strobe signal in 80-system bus interface operation and IOVCC 
enables write operation when nWR is low. Synchronous clock 
signal (SCL) in serial interface operation. 
Amplitude: IOVCC-IOGND 
nRD | MPU Read strobe signal in 80-system bus interface operation and IOVCC 
enables read operation when nRD is low. 
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Amplitude: IOVCC-IOGND 


SDI/SDA l//O | MPU Serial data input (SDI) pin in serial interface operation. The data is | IOGND or 
inputted and latched on the rising edge of the SCL signal. IOVCC 
In the 8/9-bit SPI, this pis is a bi-directional data pin. 
Amplitude: IOVCC-IOGND 

SDO | MPU Serial data output (SDO) pin in serial interface operation. The data | Open 
is outputted on the falling edge of the SCL signal. 
Amplitude: IOVCC-IOGND 

DBO-DB17 | I/O | MPU 18-bit parallel bi-directional data bus for 80-system interface IOGND or 
operation. Amplitude: IOVCC-IOGND. IOVCC 
8-bit I/F: DB17-DB10 are used. 
9-bit I/F: DB17-DB9 are used. 
16-bit I/F: DB17-DB10 and DB8-DB1 are used. 
18-bit I/F: DB17-DBO are used. 
18-bit parallel bi-directional data bus for RGB interface operation. 
Amplitude: IOVCC-IOGND. 
6-bit I/F: DB17-DB12 are used. 
16-bit I/F: DB17-DB13 and DB11-DB1 are used. 
18-bit I/F: DB17-DBO are used. 
Unused pins must be fixed to IOGND level. 

ENABLE | MPU Data enable signal for RGB interface operation. IOGND or 
Amplitude: IOVCC-IOGND. IOVCC 
Low: accessible (select) 
High: Not accessible (Not select) 
The polarity of ENABLE signal can be inverted by setting the EPL 
bit. 

VSYNC | MPU Frame synchronous signal for RGB interface operation.. IOGND or 
Amplitude: IOVCC-IOGND. IOVCC 
VSPL = “0”: Active low. 
VSPL = “1”: Active high. 

HSYNC | MPU Line synchronous signal for RGB interface operation. IOGND or 
Amplitude: IOVCC-IOGND. IOVCC 
HSPL = “0”: Active low. 
HSPL = “1”: Active high. 

DOTCLK | MPU Dot clock signal for RGB interface operation. The data input timing | IOGND or 
is on the rising edge of DOTCLK. Amplitude: IOVCC-IOGND. IOVCC 


DPL = “0”: Input data on the rising edge of DOTCLK 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 15 of 106 


Raydium 


DPL = *1*: Input data on the falling edge of DOTCLK 


FMARK | MPU Frame head pulse signal, which is used when writing data to the Open 
internal RAM. (Amplitude: IOVCC-IOGND). 
Table 3 Reset, RC oscillation 
When not 
Signal I/O | Connect to Function 
in use 
nRESET | MPU Reset signal. Initializes the RM68050 when it is low. Make sure to. | IOGND or 
execute a power-on reset when turning on power supply. IOVCC 
Amplitude: IOVCC-IOGND. 
Table 4 Power supply 
When not 
Signal I/O | Connect to Function 
in use 
GND | Power supply | GND for the analog side: GND = OV. - 
VDDD O Stabilizing Internal logic regulator output, which is used as the power supply to | - 
Capacitor internal logic. Connect a stabilizing capacitor. 
IOVCC | Power supply | Power supply to the interface pins: IM[3:0], NRESET, nCS, WR, - 


nRD, RS, DB17-0, VSYNC, HSYNC, DOTCLK, ENABLE, SCL, 
SDI, and SDO. 

IOVCC = 1.65V ~ 3.3V. VCC 2 IOVCC. In case of COG, connect to 
VCC on the FPC if IOVCC=VCC, to prevent noise. 


—————— 1——————— ——————————————————M———ÀÀ sri 
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Table 5 Step-up circuit 


Signal I/O | Connect to Function Add ME 
in use 
VCI Power supply Power supply to the liquid crystal power supply analog circuit. 7 
Connect to an external power supply of 2.5V ~ 3.3V. 
VCI1 O Stabilizing An internal reference voltage for the step-up circuit1.The amplitude | - 
Capacitor between VCI and DGND is determined by the VC[2:0] bits. Make 
sure to set the VCI1 voltage so that the DDVDH, VGH and VGL 
voltages are set within the respective specification. 
DDVDH O Stabilizing Power supply for the source driver liquid-crystal drive unit and - 
Capacitor VCOM drive. DDVDH = 4.5V ~ 6.0V 
VGH O Stabilizing Liquid crystal gate driver power supply. - 
Capacitor 
VGL O Stabilizing Liquid crystal gate driver power supply. - 
Capacitor 
VCL O Stabilizing VCOML drive power supply. Make sure to connect to stabilizing - 
Capacitor capacitor. VCL = 0.5V ~ -VCI 
C11+, C11- | | Step-up Capacitor connection pins for the step-up circuit 1. - 
C12+, C12- | O capacitor 
C13+, C13- | | Step-up Capacitor connection pins for the step-up circuit 2. - 
C21+, C21- | O capacitor 
C22+, C22- 
VREG1 O Stabilizing Output voltage generated from the reference voltage. Open 
OUT Capacitor The voltage level is set with the VRH bits. 


VREG10OUT is (1) a source driver grayscale reference voltage, 
(2)VcomH level reference voltage, and (3) Vcom amplitude 
reference voltage. Connect to a stabilizing capacitor. VREG1OUT 
= 3.0 - (DDVDH - 0.5)V. 
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Table 6 LCD drive 


Signal I/O | Connect to Function andi ME 
in use 
VCOM O TFT panel Power supply to TFT panel's common electrode. VCOM alternates | Open 
common between VCOMH and VCOML. The alternating cycle is set by 
electrode internal register. 
VCOMH O Stabilizing The High level of VCOM amplitude. Connect to a stabilizing Open 
Capacitor capacitor. 
VCOML O Stabilizing The Low level of VCOM amplitude. Adjust the VCOML level with Open 
Capacitor the VDV bits. Make sure to connect to stabilizing capacitor. 
VGS | GND or Reference level for the grayscale voltage generating circuit. The - 
external VGS level can be changed by connecting to an external resistor. 
resistor 
S1-S720 O LCD Liquid crystal application voltages. To change the shift direction of | Open 
segment signal output, set the SS bit as follows. 
When SS = 0, the data in the RAM address h00000 is outputted 
from S1. When SS = 1, the data in the RAM address h00000 is 
outputted from S720. 
G1-G320 O LCD Gate line output signals. Open 
VGH: gate line select level 
VGL: gate line non-select level 
Table 7 Brightness control 
Signal l/O | Connect to Function dd m 
in use 
LEDPWM O VCI PWM signal output to control LED driver for LED brightness Open 
dimming 
LEDON O VCI LED driver control pin to turn on/off the LED backlight Open 
Table 8 Others (test, dummy pins) 
Signal I/O | Connect to Function iid i 
in use 
DUMMY1-15 - - Dummy pad. Leave these pins as open. - 
DUMMY20-27 
IOGNDDU |O GND GND pin. - 
M 
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TESTO3-16 | O Open Test pins. Leave them open. Open 

TEST1,2,3 | | Open Test pins (internal pull low). Connect to GND or leave these pins as | IOGND 
open. 

TS8-0 | Open Test pins (internal pull low). Leave them open. Open 


————À—Á— ———————————'''YJ—————————————————  JJ(Joómü—1Q—PTi 
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6. Bump Arrangement 


Pad Arrangement 
S1 ~ S720 16 16 | 
| * 
G1 - G320 
DUMMY20 - 27 | 
(No. 244 ~ 1291) | á 
a NG 
i i i 19 
| . ER M 
! 16 
Unit um 
= 16 © 16 ` 
x=20,30,35 
(No. 1 ~ 243) EX pg 
80 
Xx 
AA - y i 
Unit: um 
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7. Function Description 


7.1 System Interface 


The RM68050 supports 80-system high-speed interface via 8-, 9-, 16-, 18-bit parallel ports and a 


clock synchronous serial interface. The interface is selected by setting the IM3-0 pins. 


The RM68050 has a 16-bit index register (IR), an 18-bit write-data register (WDR), and an 18-bit 
read-data register (RDR). The IR is the register to store index information about control register 
and internal GRAM. The WDR is the register to temporarily store data to be written to control 
register and internal GRAM. The RDR is the register to temporarily store the data read from the 
GRAM. The data from the MPU to be written to the internal GRAM is first written to the WDR and 
then automatically written to the internal GRAM in internal operation. The data is read via RDR 
from the internal GRAM. Therefore, invalid data is sent to the data bus when the RM68030 
performs the first read operation from the internal GRAM. Valid data is read out when the 


RM68030 performs the second and subsequent read operation. 


The instruction execution time except that of starting oscillation takes O clock cycle to allow writing 


instructions consecutively. 


Table 9 Register Selection (80-system 8/9/16/18-bit Parallel Interface) 


nWR nRD RS Function 

0 1 0 Write index to IR 

1 0 0 Setting disabled 

0 1 1 Write to control register or internal GRAM via WDR 
1 0 1 Read from internal GRAM and register via RDR 


Table 10 Register Selection (Clock synchronous serial interface) 


Start byte 

R/W RS Function 

0 0 Write index to IR 

1 0 Setting disabled 

0 1 Write to control register or internal GRAM via WDR 
1 1 Read from internal GRAM and register via RDR 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 21 of 106 


Raydium 


Table 11 IM Bit Settings and System Interface 


System : : Instruction 
IM3 IM2 IM1 IMO | DB pins RAM write data . 
interface write transfer 
0 0 0 0 Setting disabled - - - 
0 0 0 1 Setting disabled - - - 
Single transfer (16 
bits) 
80-system 16-bit 2 transfers (1st: 2 bits, Single transfer (16 
0 0 1 0 DB17-10, DB8-1 
interface 2nd: 16 bits) bits) 
2 transfers (1st: 16 
bits, 2nd: 2 bits) 
2 transfers (1st: 8 bits, 
80-system 8-bit 2nd: 8 bits) 2 transfers (1st: 8 
0 0 1 1 DB17-10 
interface 3 transfers (1st: 6 bits, bits, 2nd: 8 bits) 
2nd: 6 bits, 3rd: 6 bits) 
Clock synchronous 2 transfers (1st: 8 bits, — 2 transfers (1st: 8 
0 1 0 * (SDI, SDO) 
serial interface 2nd: 8 bits) bits, 2nd: 8 bits) 
2 transfers (1st: 8 bits, 
2nd: 8 bits) Single transfer (8 
0 1 1 0 9-bit 3-wire SPI SDA, SCL, nCS 
3 transfers (1st: 6 bits, bits) 
2nd: 6 bits, 3rd: 6 bits) 
2 transfers (1st: 8 bits, 
SDA, SCL, nCS, 2nd: 8 bits) Single transfer (8 
0 1 1 1 8-bit 4-wire SPI 
RS(D/CX) 3 transfers (1st: 6 bits, bits) 
2nd: 6 bits, 3rd: 6 bits) 
1 0 0 0 Setting disabled - - - 
1 0 0 1 Setting disabled - - - 
80-system 18-bit Single transfer (18 Single transfer (16 
1 0 1 0 DB17-0 
interface bits) bits) 
80-system 9-bit 2 transfers (1st: 9 bits, — 2 transfers (1st: 8 
1 0 1 1 DB17-9 
interface 2nd: 9 bits) bits, 2nd: 8 bits) 
1 1 T * Setting disabled - - - 
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7.2 External Display Interface (RGB, VSYNC interfaces) 


The RM68050 supports RGB interface and VSYNC interface as the external interface to display 
moving picture. When the RGB interface is selected, the display operation is synchronized with 
externally supplied signals, VSYNC, HSYNC, and DOTCLK. In RGB interface operation, data 
(DB17-0) is written in synchronization with these signals when the polarity of enable signal 


(ENABLE) allows write operation in order to prevent flicker while updating display data. 


In VSYNC interface operation, the display operation is synchronized with the internal clock except 
frame synchronization, which synchronizes the display operation with the VSYNC signal. The 
display data is written to the internal GRAM via system interface. When writing data via VSYNC 
interface, there are constraints in speed and method in writing data to the internal RAM. For 


details, see the "External Display interface" section. 


The RM68050 allows switching interface by instruction according to the still and/or moving 
pictures display required. Via the RGB interface, the RM68050 writes all display data to the 
internal GRAM in order to transfer data only when updating the data and thereby reduce the data 


transfer and power consumption for moving picture display. 


7.3 Address Counter (AC) 


The address counter (AC) gives an address to the internal GRAM. When the index of the register 
to set a RAM address in the AC is written to the IR, the address information is sent from the IR to 
the AC. As the RM68050 writes data to the internal GRAM, the address in the AC is automatically 
increased or decreased one step. The window address function enables writing data only within 


the rectangular area specified in the GRAM. 


7.4 Graphics RAM (GRAM) 


GRAM is graphics RAM, which can store bit-pattern data of 172,800 (240RGB x 320 x18/8) bytes 
with 18 bits per pixel. 


7.5  Grayscale Voltage Generating Circuit 


The grayscale voltage generating circuit generates liquid crystal driving voltages according to the 
grayscale data in the y-correction registers to enable 262k-color display. For details, see the 


y-Correction Register section. 
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7.6 Timing Generator 


The timing generator produces timing signals for the operations of internal circuits such as the 
internal GRAM, source driver, etc. The timing signals for display operations such as RAM read 
operation and the timing signals for internal operations such as RAM access from the MPU are 


generated separately in order to avoid mutual interference. 


7.7 Oscillator (OSC) 


The RM68050 generates the RC oscillation clock by internal RC oscillator circuit. The frame rate 


is adjusted by the register setting. 


7.8 Liquid Crystal Driver Circuit 


The liquid crystal driver circuit of the RM68050 consists of a 720-output source driver (S1 ~ S720) 
and a 320-output gate driver (G1~G320). The display pattern data is latched when 720 bits of data 
are inputted. The latched data control the source driver and output drive waveforms. The gate 
driver for scanning gate lines outputs either VGH or VGL level. The shift direction of 720-bit 
source output from the source driver can be changed by setting the SS bit and the shift direction of 
gate output from the gate driver can be changed by setting the GS bit. The scan mode by the gate 
driver can be changed by setting the SM bit. Sets the gate driver pin arrangement in combination 


with the GS bit to select the optimal scan mode for each LCD module. 


7.9 Internal Logic Power Supply Regulator 


The internal logic power supply regulator generates internal logic power supply VDD. 
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8. GRAM Address Map 


Table 12 GRAM address and display position on the panel (SS = 0, BGR = 0) 


o 
GS-0 =Iialofz=|ojolnjol|o e | ¡a = 
o[o|o|[o!oo][o]|o]|o ]|: |» |o es | 5 


o 
x [ss pora [worzoi [wena [|vonrar | — | worrra 
G320 h00000 h00001 h00002 h00003 h000EC 
G319 h00100 h00101 h00102 h00103 h001EC 
G318 h00200 h00201 h00202 h00203 h002EC 
G317 H00300 h00301 h00302 h00303 h003EC 
G316 h00400 h00401 h00402 h00403 h004EC 
G315 h00500 h00501 h00502 h00503 h005EC 
G314 h00600 h00601 h00602 h00603 h006EC 
G313 h00700 h00701 h00702 h00703 h007EC 
G312 h00800 h00801 h00802 h00803 h008EC 
G311 h00900 h00901 h00902 h00903 h009EC 
G310 h00A00 h00A01 h00A02 h00A03 hOOAEC 
G309 h00B00 h00B01 h00B02 h00B03 hOOBEC 
G308 h00C00 h00C01 h00C02 h00C03 h00CEC 
G307 h00DOO h00D01 h00D02 h00D03 h00DEC 
G306 h00E00 h00E01 h00E02 h00E03 hOOEEC 
G305 hOOFOO hOOFO1 hOOFO2 hOOFO3 hOOFEC 
G304 h01000 h01001 h01002 h01003 h010EC 
G303 h01100 h01101 h01102 h01103 h011EC 
G302 h01200 h01201 h01202 h01203 h012EC 
G301 h01300 h01301 h01302 h01303 h013EC 


EZ 
S 


WD[17:0] | WD[17:0] | WD[17:0] 
hoooED | hoooEE | hoooEF 
hoo1ED | hOO1EE | hOO1EF 
hoo2ED | hoo2EE | hoo2EF 
ho03ED | hoosEE | hoosEF 
hoo4ED | hoo4EE | hoo4EF 
hoosED | hoosEE | hoosEF 
hooeED | hooeEE | hooeEF 
hoo07ED | hOO7EE | hoo7EF 
hoosED | hoosEE | hoosEF 
hoogED | hoooEE | hoooEF 
hOOAED | hOOAEE | hOOAEF 
hooBED | hOOBEE | hOOBEF 
hoocED | hoocEE | hOOCEF 
h00DED | hooDEE | hooDEF 
hooEED | hOOEEE | nooEEF 
hooFED | hOOFEE | hOOFEF 
ho10ED | hO10EE | ho10EF 
ho11ED | hot1EE | hO11EF 
ho12ED | hot2EE | ho12EF 
h013ED | hO13EE | ho13EF 


G16 
G15 
G14 
G13 
G12 
G11 
G10 
G9 
G8 
G7 
G6 
G5 
G4 
G3 
G2 
G1 


h13000 
h13100 
h13200 
h13300 
h13400 
h13500 
h13600 
h13700 
h13800 
h13900 
h13A00 
h13B00 
h13C00 
h13D00 
h13E00 
h13F00 


h13001 
h13101 
h13201 
h13301 
h13401 
h13501 
h13601 
h13701 
h13801 
h13901 
h13A01 
h13B01 
h13C01 
h13D01 
h13E01 
h13F01 


h13002 
h13102 
h13202 
h13302 
h13402 
h13502 
h13602 
h13702 
h13802 
h13902 
h13A02 
h13B02 
h13C02 
h13D02 
h13E02 
h13F02 


h13003 
h13103 
h13203 
h13303 
h13403 
h13503 
h13603 
h13703 
h13803 
h13903 
h13A03 
h13B03 
h13C03 
h13D03 
h13E03 
h13F03 


h130EC 
h131EC 
h132bEC 
h133EC 
h134EC 
h135EC 
h136EC 
h137EC 
h138EC 
h139EC 
h13AEC 
h13BEC 
h13CEC 
h13DEC 
h13EEC 
h13FEC 


h130ED 
h131ED 
h132ED 
h133ED 
h134ED 
h135ED 
h136ED 
h137ED 
h138ED 
h139ED 
h13AED 
h13BED 
h13CED 
h13DED 
h13EED 
h13FED 


h130EE 
h131EE 
h132EE 
h133EE 
h134EE 
h135EE 
h136EE 
h137EE 
h138EE 
h139EE 
h13AEE 
h13BEE 
h13CEE 
h13DEE 
h13EEE 
h13FEE 


h130EF 
h131EF 
h132EF 
h133EF 
h134EF 
h135EF 
h136EF 
h137EF 
h138EF 
h139EF 
h13AEF 
h13BEF 
h13CEF 
h13DEF 
h13EEF 
h13FEF 
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Table 13 GRAM address and display position on the panel (SS = 1, BGR = 1) 


no 


$720 
$719 
S717 
S713 
$712 
S711 
S 

$709 


EA 
50 
EN 
se | 
ical 
= 
ss | 
EN 
EH 
EN 
EN 


GS=1 
G320 
G319 
G318 
G317 
G316 
G315 
G314 
G313 
G312 
G311 
G310 
G309 
G308 
G307 
G306 
G305 
G304 
G303 
G302 
G20 G301 


WD[17:0 
h00000 
h00100 
h00200 
H00300 
h00400 
h00500 
h00600 
h00700 
h00800 
h00900 
h00A00 
h00B00 
h00C00 
h00D00 
h00E00 
hOOFOO 
h01000 
h01100 
h01200 
h01300 


WD[17:0] 
h00001 
h00101 
h00201 
h00301 
h00401 
h00501 
h00601 
h00701 
h00801 
h00901 
h00A01 
h00B01 
h00C01 
h00D01 
h00E01 
h00FO1 
h01001 
h01101 
h01201 
h01301 


WD[17:0] 
h00002 
h00102 
h00202 
h00302 
h00402 
h00502 
h00602 
h00702 
h00802 
h00902 
h00A02 
h00B02 
h00C02 
h00D02 
h00E02 
hOOFO2 
h01002 
h01102 
h01202 
h01302 


WD[17:0 
h00003 
h00103 
h00203 
h00303 
h00403 
h00503 
h00603 
h00703 
h00803 
h00903 
h00A03 
h00B03 
h00C03 
h00D03 
h00E03 
h00FO3 
h01003 
h01103 
h01203 
h01303 


= 


WD[17:0] 
h000EC 
h001EC 
h002EC 
h003EC 
h004EC 
h005EC 
h006EC 
h007EC 
h008EC 
h009EC 
hOOAEC 
h00BEC 
h00CEC 
hO0DEC 
h00EEC 
h00FEC 
h010EC 
h011EC 
h012EC 
h013EC 


WD[17:0] 
h000ED 
h001ED 
h002ED 
h003ED 
h004ED 
h005ED 
h006ED 
h007ED 
h008ED 
h009ED 
hOOAED 
hOOBED 
hO0CED 
hO0DED 
hOOEED 
hO0FED 
h010ED 
h011ED 
h012ED 
h013ED 


WD[17:0] 
hOOOEE 
h001EE 
h002EE 
h003EE 
h004EE 
hOOSEE 
hOO6EE 
h007EE 
h008EE 
hOO9EE 
hOOAEE 
hOOBEE 
h00CEE 
hOODEE 
hOOEEE 
hOOFEE 
hO10EE 
h011EE 
h012EE 
h013EE 


WD[17:0 
hOOOEF 
h001EF 
h002EF 
h003EF 
h004EF 
hOOSEF 
hOO6EF 
h007EF 
h008EF 
hOO9EF 
hOOAEF 
hOOBEF 
hOOCEF 
hOODEF 
hOOEEF 
hOOFEF 
h010EF 
h011EF 
h012EF 
h013EF 


G305 
G306 
G307 
G308 
G309 
G310 
G311 
G312 
G313 
G314 
G315 
G316 
G317 
G318 
G319 
G320 


G16 
G15 
G14 
G13 
G12 
G11 
G10 
G9 
G8 
G7 
G6 
G5 
G4 
G3 
G2 
G1 


h13000 
h13100 
h13200 
h13300 
h13400 
h13500 
h13600 
h13700 
h13800 
h13900 
h13A00 
h13B00 
h13C00 
h13D00 
h13E00 
h13F00 


h13001 
h13101 
h13201 
h13301 
h13401 
h13501 
h13601 
h13701 
h13801 
h13901 
h13A01 
h13B01 
h13C01 
h13D01 
h13E01 
h13F01 


h13002 
h13102 
h13202 
h13302 
h13402 
h13502 
h13602 
h13702 
h13802 
h13902 
h13A02 
h13B02 
h13C02 
h13D02 
h13E02 
h13F02 


h13003 
h13103 
h13203 
h13303 
h13403 
h13503 
h13603 
h13703 
h13803 
h13903 
h13A03 
h13B03 
h13C03 
h13D03 
h13E03 
h13F03 


h130EC 
h131EC 
h132bEC 
h133EC 
h134EC 
h135EC 
h136EC 
h137EC 
h138EC 
h139EC 
h13AEC 
h13BEC 
h13CEC 
h13DEC 
h13EEC 
h13FEC 


h130ED 
h131ED 
h132ED 
h133ED 
h134ED 
h135ED 
h136ED 
h137ED 
h138ED 
h139ED 
h13AED 
h13BED 
h13CED 
h13DED 
h13EED 
h13FED 


h130EE 
h131EE 
h132EE 
h133EE 
h134EE 
h135EE 
h136EE 
h137EE 
h138EE 
h139EE 
h13AEE 
h13BEE 
h13CEE 
h13DEE 
h13EEE 
h13FEE 


h130EF 
h131EF 
h132EF 
h133EF 
h134EF 
h135EF 
h136EF 
h137EF 
h138EF 
h139EF 
h13AEF 
h13BEF 
h13CEF 
h13DEF 
h13EEF 
h13FEF 


7 


uluulu 
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9. Instruction 


9.1 Outline 


The RM68050 adopts 18-bit bus architecture in order to interface to high-performance microcomputer in 
high speed. All the functional blocks of RM68050 starts to work after receiving the correct instruction from 
the external microprocessor by the 18-, 16-, 9-, 8-bit interface. The index register (IR) stores the register 
address to which the instructions and display data will be written. The register selection signal (RS), the 
read/write signals (nRD/nWR) and data bus D17-0 are used to read/write the instructions and data of 
RM68050. When accessing the RM68050's internal RAM, data is processed in units of 18 bits. The 


following are the categories of instruction in RM68050. 


Specify the index of register 

Display control 

Power management control 

Set internal GRAM address 

Transfer data to and from the internal GRAM 
y -correction 

Window address control 

Panel display control 

CABC control 


o ON Oa FY RN SB 


The internal GRAM address is updated automatically as data is written to the internal GRAM, which, in 
combination with the window address function, contributes to minimizing data transfer and thereby 
lessens the loading on the microcomputer. The RM68050 writes instructions consecutively by executing 
the instruction within the cycle when it is written, meanwhile, there is no instruction execution time 


required. 
9.2 Instruction Data Format 


The data bus used to transfer 16 instruction bits (IB[15:0]) is different according to the interface format. 
Make sure to transfer the instruction bits according to the format of the selected interface. For more 


details, please refer to section of "System Interface". 


The following are detail descriptions of instruction bits (IB15-0). Note that the instruction bits IB[15:0] in 


the following figures are transferred according to the format of the selected interface. 
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9.3 Index (IR) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


Ww 0 * fe n i Ë * ii ID7 ID6 ID5 1D4 1D3 ID2 ID1 IDO 


The index register specifies the index ROOh to RFFh of the control register or RAM control to be accessed 
using a binary number from "0000 0000" to *1111 1111". The access to the register and instruction bits 
in itis prohibited unless the index is specified in the index register. 


9.4 ID code (ROOh) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


RO 1 1 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 


9.5 Display control 


9.5.1 Driver Output Control (R01h) 


Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


SS: Sets the shift direction of output from the source driver. 
When SS = “0”, the source driver output shift from S1 to S720. 
When SS = “1”, the source driver output shift from S720 to S1. 


The combination of SS and BGR settings determines the RGB assignment to the source driver pins S1 ~ 
$720. 


When SS = “0” and BGR = “0”, RGB dots are assigned one to one from S1 to S720. 
When SS = “1” and BGR = “1”, RGB dots are assigned one to one from S720 to S1. 


When changing the SS bit, RAM data must be rewritten. 


SM: Controls the scan mode in combination with GS setting. See “Scan mode setting”. 
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9.5.2 LCD Driving Wave Control (R02h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 B/C 0 0 0 0 0 0 0 0 0 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


BCO: Selects the liquid crystal drive waveform VCOM.. 
BCO = 0: frame inversion waveform is selected. 
BCO = 1: line inversion waveform is selected. 


9.5.3 Entry Mode (R03h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 TRI | DFM 0 BGR 0 0 0 0 ORG 0 VD1 | I//DO | AM 0 0 0 
Default 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 


AM: Sets either horizontal or vertical direction in updating the address counter automatically as the 
RM68050 writes data to the internal GRAM. 

AM = “0”, sets the horizontal direction. 

AM = “1”, sets the vertical direction. 

When making a window address area, the data is written only within the area in the direction determined 
by 1/D[1:0] and AM. 


1/D[1:0]: Either increments or decrements the address counter automatically as the data is written to the 
GRAM. The I/D[0] bit sets either increment or decrement in horizontal direction (updates the address 
AD[T7:0]). The 1/D[1] bit sets either increment or decrement in vertical direction (updates the address 
AD[8:16]). 


ORG: Moves the origin address according to the ID setting when a window address area is made. This 
function is enabled when writing data within the window address area using high-speed RAM write 
function. Also see Figure 3 and Figure 4. 

ORG - 0: The origin address is not moved. In this case, specify the address to start write operation 
according to the GRAM address map within the window address area. 

ORG = 1: The origin address “h00000” is moved according to the 1/D[1:0] setting. 
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1/D1-0 = 00 1/D1-0 = 01 1/D1-0 = 10 VD1-0 = 11 
ORG =0 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment 
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment 
17'ho0000 17'ho0000 17'h00000 17'h00000 
AM=0 
Horizontal 
17'h13FEF 17'h13FEF 17h13FEF 17h13FEF 
17'h00000 17'ho0000 17'ho0000 17'h00000 
AM=1 
Vertical 


17h13FEF 


17h13FEF 


17h13FEF 


17h13FEF 


Figure 1 Automatic address update (ORG = 0, AM, ID) 


Note: When writing data within the window address area with ORG = 0, any address within the window 


address area can be designated as the starting point of RAM write operation. 


1/D1-0 = 00 1/D1-0 = 01 1/D1-0 = 10 V/D1-0 = 11 
ORG 71 Horizontal: Decrement Horizontal: Increment Horizontal: Decrement Horizontal: Increment 
Vertical: Decrement Vertical: Decrement Vertical: Increment Vertical: Increment 
17'h00000 17'hoo000 17'h00000 17'hoo000 
AM=0 
Horizontal 
17h13FEF 17'h13FEF 17h13FEF 17h13FEF 
17'h00000 17'hoo000 17'ho0000 17'h00000 
AM=1 
Vertical 
S 
17 h13FEF 17 h13FEF 17h13FEF 17h13FEF 


Figure 2 Automatic address update (ORG = 1, AM, ID) 


Note: 1. When ORG = 1, make sure to set the address “h00000” in the RAM address set registers (R210h, 
R21h). Setting other addresses is inhibited. 2. When ORG = 1, the starting point of writing data within 


the window address area can be set at either corner of the window address area (*S” in circle in the 


above figure). 


BGR: Reverse the order from RGB to BGR in writing 18-bit pixel data in the GRAM. 
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BGR = 0: Write data in the order of RGB to the GRAM. 
BGR = 1: Reverse the order from RGB to BGR in writing data to the GRAM. 


BGR=0 


D17 D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


R5 R4 R3 R2 R1 RO G5 G4 G3 G2 G1 GO B5 B4 B3 B2 B1 BO 


BGR = 1 


D17  D16 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


B5 B4 B3 B2 B1 BO G5 G4 G3 G2 G1 G0 R5 R4 R3 R2 R1 RO 


DFM: In combination with the TRI setting, sets the format to develop 16-/8-bit data to 18-bit data when 


using either 16-bit or 8-bit bus interface. 


TRI: Selects the format to transfer data bits via 16-bit or 8-bit interface. 
In 16-bit bus interface operation, 

TRI = 0: 16-bit RAM data is transferred in one transfer. 

TRI = 1: 18-bit RAM data is transferred in two transfers. 

In 8-bit interface operation, 

TRI = 0: 16-bit RAM data is transferred in two transfers. 

TRI = 1: 18-bit RAM data is transferred in three transfers. 


9.5.4 16bits Data Format Selection (R05h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 FPF1 | FPFO 


Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 


FPF[1:0]: The extension method for transforming 16bits data format to 18bits data format. 
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FPF[1:0]=00 


Write Data 


Data in 
GRAM 


Read Data 


FPF[1:0]=01 


Write Data 


Data in 
GRAM 


Read Data 


FPF[1:0]-10 


Write Data 


Data in 
GRAM 


Read Data 


FPF[1:0]-11 


Write Data 


Data in 
GRAM 


Read Data 


[ES DDOLjEO BDALAAESAEAAAAAAXjANAEÜZLAXAXAKAÁAKÁKXWVEXEKYWKkKEAAAUADAILAXA&ÁOLLLLLEHALLLGBGLILOLOILZLCASA[JbQAZAÁLEGZS ALLAZd3óOOSáSULLOL LLLCO AEGAL AXZA kXZÓ 
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9.5.5 Display Control 1 (R07h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 PTDE1 | PTDEO 0 0 0 BASEE | 0 0 | GON | DTE CL 0 D1 DO 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


D[1:0]: A graphics display is turned on when writing D1 = “1”, and is turned off when writing D1 = “0”. 
When writing D1 = “0”, the graphics display data is retained in the internal GRAM and the RM68050 
displays the data when writing D1 = “1”. When D1 = “0”, i.e. while no display is shown on the panel, all 
source outputs becomes the GND level to reduce charging/discharging current, which is generated within 
the LCD while driving liquid crystal with AC voltage. 

When the display is turned off by setting D1-0 = 2'b01, the RM68050 continues internal display operation. 
When the display is turned off by setting D1-0 = 2'b00, the RM68050’s internal display operation is halted 
completely. In combination with the GON, DTE setting, the D[1:0] setting controls display ON/OFF. 


D[1:0] BASEE Source, VCOM Output Internal Operation 
2'h0 li GND Halt 
2'h1 GND Operation 
2'h2 * Non-lit display Operation 
Dina 0 Non-lit display Operation 
1 Base-image display Operation 
Note: 


1. The data write operation from the microcomputer is independent on the D[1:0] setting. 
2. The D[1:0] setting is valid on both 1st and 2nd displays 


3. The non-lit display level from the source output pins is determined by instruction (PTS). 


CL: When CL = 1, the RM68050 displays in 8-colors with low power consumption. 


CL Display color 
0 262,144 
1 8 


GON, DTE: The combination of GON and DTE settings set the output level form gate lines (G1 ~ G320). 


GON DTE G1-G320 Gate Output 
0 0 VGH 

0 1 VGH 

1 0 VGL 

1 1 Normal display 
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BASEE: Base image display enable bit. 

BASEE = 0: No base image is displayed. The RM68050 drives liquid crystal with non-lit display level or 
drives only partial image display areas. 

BASEE = 1: A base image is displayed on the screen. 

The D[1:0] setting has precedence over the BASEE setting. 


PTDE[1:0]: PTDE[O] is the display enable bit of partial image 1. PTDE[1] is the display enable bit of 
partial image 2. When PTDE 1/0 = 0, the partial image is turned off and only base image is displayed on 
the screen. 

When PTDE1/0 = 1, the partial image is displayed on the screen. In this case, turn off the base image by 
setting BASEE - 0. 


9.5.6 Display Control 2 (R08h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 FP3 | FP2 | FP1 | FPO 0 0 0 0 BP3 | BP2 | BP1 | BPO 


Default 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 


FP [3:0] / BP [3:0]: Sets the number of lines for a front porch period / back porch period (a blank period 
following the end of display / (a blank period made before the beginning of display). 

In external display interface operation, a back porch (BP) period starts on the falling edge of the VSYNC 
signal and the display operation starts after the back porch period. A blank period will start after a front 


porch (FP) period and it will continue until next VSYNC input is detected. 


Internal clock operation mode BP 2 2lines FP 2 2 lines FP + BP s 16 lines 
RGB interface operation BP 2 2 lines FP 2 2 lines FP + BP < 16 lines 
VSYNC interface operation BP 2 2 lines FP 2 2 lines FP + BP = 16 lines 

FP[3:0] Front and Back Porch 

BP[3:0] period (Line periods) 

4'h0 Setting disabled 

4'h1 Setting disabled 

4'h2 2 lines 

4'h3 3 lines 

4'h4 4 lines 

4'h5 5 lines Display area 

4'h6 6 lines 

4'h7 7 lines 

4'h8 8 lines 

4'h9 9 lines 

4hA 10 lines 

4hB 11 lines Froni barch 

4hC 12 lines 

4'hD 13 lines 

4hE 14 lines Note : The output timing to the LCD panel is delayed by two line periods 

4hF Setting disabled from the synchronous signal (VSYNC) input timing. 
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9.5.7 Display Control 3 (RO9h) 


R/W RS D15 


D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 


0 0 0 0 0 PTS1 | PTSO 0 0 PTG1 | PTGO | ISC3 ISC2 | ISC 1 ISC O 


Default 0 


0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


ISC [3:0]: Set the scan cycle when setting PTG[1:0]=”10” to selects interval scan. The scan cycle is 


defined by from O to 31 as table below. The polarity is inverted in the same timing every interval scan 


cycle. 

ISC[3:0] Scan cycle Time for interval when (fg, y) = 60Hz 
4'h1 0 frames - 

4'h2 0 frames - 

4'h3 3 frames 50 ms 
4'h4 5 frames 84 ms 
4'h5 7 frames 117 ms 
4'h6 9 frames 150 ms 
4'h7 11 frames 184 ms 
4'h8 13 frames 217 ms 
4'h9 15 frames 251 ms 
4'hA 19 frames 317 ms 
4'hB 21 frames 351 ms 
4'hC 23 frames 384 ms 
4'hD 25 frames 418 ms 
4'hE 27 frames 451 ms 
4'hF 29 frames 484 ms 


PTG[1:0]: Sets the scan mode in non-display area. The scan mode selected by PTG[1:0] bits is applied 


in the non-display area when the base image is turned off and the non-display area other than the first 


and second partial display areas. 


PTG1 PTGO Gate in non-display area Source in non-display area VCOM output 


0 0 Normal scan PTS[2:0] setting VCOMH/VCOML 
0 1 Setting disabled - - 
1 0 Interval scan PTS[2:0] setting VCOMH/VCOML 
1 1 Setting disabled - - 


PTS[2:0]: Sets the source output level in non-display area drive period. When PTS[2] = 1, the operation 


of amplifiers which generates the grayscales other than VO and V63 are halted and the step-up clock 


frequency becomes half the normal frequency in order to reduce power consumption. 


Source / VCOM output in non-display area 


PTS[1:0] 
Frame with gate scan Frame without gate scan 
2'hO White V63 / VCOML 
2'h1 Black VO / VCOML 
2'h2 White GND / GND 
2'h3 White Hi-Z / Hi-Z 
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9.5.8 Display Control 4 (ROAh) 


R/W RS D15 D14 D13 D12 D1141 DIO DI D8 D7 DE D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 0 0 0 0 0 0 FMARKOE | FMI2 | FMI1 | FMIO 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


FMI[2:0]: Sets the output interval of FMARK signal according to the display data rewrite cycle and data 


transfer rate. 


FMARKOE: When FMARKOE = 1, the RM68050 starts outputting FMARK signal from the FMARK pin in 
the output interval set by FMI[2:0] bits. 


FMI[2] FMI[1] FMI[0] FMARK output interval 
0 0 0 1 frame 

0 0 1 2 frames 

0 1 1 4 frames 

1 0 1 6 frames 

Other settings Setting disabled 


9.5.9 External Display Interface Control 1 (ROCh) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 ENC2 | ENC1 | ENCO 0 0 0 RM 0 0 | DM1 | DMO | O 0 RIM1 | RIMO 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


RIM[1:0]: Sets the interface format in RGB interface. 


RIM[1:0] RGB interface operation Display color 
2'h0 18-bit RGB interface (1 transfer/pixel) via DB17-0 262,144 

2'h1 Ed RGB interface (1 transfer/pixel) via DB17-13 and DB 65,536 

2'h2 6-bit RGB interface (3 transfers/pixel) via DB17-12 262,144 

2'h3 Setting disabled - 

Note: 


1. Instruction bits are set via system interface. 
2. Transfer the RGB dot data one by one in synchronization with DOTCLK in 6-bit RGB 


interface operation. 


DM[1:0]: Selects the interface for the display operation. The DM[1:0] setting allows switching between 
internal clock operation mode and external display interface operation mode. However, switching 


between the RGB interface operation mode and the VSYNC interface operation mode is prohibited. 


DN[1:0] Display Interface 

2'hO Internal clock operations 
2'h1 RGB interface 

2'h2 VSYNC interface 

2'h3 Setting disabled 
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RM: Selects the interface for RAM access operation. RAM access is possible only via the interface 
selected by the RM bit. Set RM = 1 when writing display data via RGB interface. When RM = 0, it is 


possible to write data via system interface while performing display operation via RGB interface. 


RM RAM Access Interface 
0 System interface / VSYNC interface 
1 RGB interface 


ENC[2:0]: Sets the RAM write cycle via RGB interface. 


ENC[2:0] RAM Write Cycle (frame periods) 
3'hO 1 frame 

3'h1 2 frames 

3'h2 3 frames 

3'h3 4 frames 

3'h4 5 frames 

3'h5 6 frames 

3'h6 7 frames 

3'h7 8 frames 


9.5.10Frame Marker Position (RODh) 


RW RS D15 D14 D13 D12 D11 D10 D9  .D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 O | FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
FMP[8:0]: Sets the output position of frame cycle signal (frame marker). When FMP[8:0] = 9'h000, a 

high-active pulse FMARK is outputted at the start of back porch period for 1H period . 

Make sure the setting restriction 9'h000 < FMP x BP+NL+FP. 

FMP[8:0] FMARK output position 

9'h000 

9'h001 1* line 

9'h002 2™ line 

9'h175 373" line 

9'h176 374" line 

9'h177 375" line 

9.5.11External Display Interface Control 2 (ROFh) 
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6  D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 0 0 0 0 0 VSPL | HSPL | O | EPL | DPL 

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


DPL: Sets the signal polarity of DOTCLK pin. 
DPL = 0: input data on the rising edge of DOTCLK 
DPL = 1: input data on the falling edge of DOTCLK 
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EPL: Sets the signal polarity of ENABLE pin. 
EPL = 0: writes data DB17-0 when ENABLE = “0” and disables data write operation when ENABLE = “1”. 
EPL = 1: writes data DB17-0 when ENABLE = “1” and disables data write operation when ENABLE = “0”. 


HSPL: Sets the signal polarity of HSYNC pin. 
HSPL = 0: low active 
HSPL = 1: high active 


VSPL: Sets the signal polarity of VSYNC pin. 
VSPL = 0: low active 
VSPL = 1: high active 


9.6 Power Control 


9.6.1 Power Control 1 (R10h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 SAP 0 BT2 BT1 BTO | APE | AP2 | AP1 | APO 0 0 SLP | STB 


Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


SLP: When SLP - 1, the RM68050 enters the sleep mode. In sleep mode, the internal display operation 
except RC oscillation is halted to reduce power consumption. In the sleep mode, the GRAM data and 


instructions cannot be updated except the following instruction, Exit sleep mode (SLP = *0”). 


STB: When STB = 1, the RM68050 enters the standby mode and the display operation stops except the 
GRAM power supply to reduce the power consumption. In the standby mode, the GRAM data and 


instructions cannot be updated except the following instruction, Exit standby mode (STB = “O”). 


AP[2:0]: Adjusts the constant current in the operational amplifier circuit in the LCD power supply circuit. 
The larger constant current enhances the drivability of the LCD, but it also increases the current 
consumption. Adjust the constant current taking the trade-off into account between the display quality 
and the current consumption. In no-display period, set AP[2:0] = 3'hO to halt the operational amplifier 


circuits and the step-up circuits to reduce current consumption. 


AP[2:0] Gamma driver amplifiers Source driver amplifiers 
3'hO Halt operation Halt operation 

3'h1 1.00 1.00 

3'h2 1.00 0.75 

3'h3 1.00 0.50 

3'h4 0.75 1.00 

3'h5 0.75 0.75 

3'h6 0.75 0.50 

3'h7 0.50 0.50 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 38 of 106 


Raydium 


APE: Power supply enable bit. 


Set APE - "1" to start the generation of power supply according to the power supply startup sequence. 


SAP: Source Driver output control. SAP=0, Source driver is disabled. SAP=1, Source driver is enabled. 
When starting the charge-pump of LCD in the Power ON stage, make sure that SAP=0, and set the 
SAP-1, after starting up the LCD power supply circuit. 


BT[2:0]: Sets the factor used in the step-up circuits. Select the optimal step-up factor for the operating 


voltage. To reduce power consumption, set a smaller factor. 


BT[2:0]  DDVDH VCL VGH VGL 

3'h0 -VCH x5 
3'h1 VCM x 6 -VCM x4 
3'h2 VOM x 3 
3'h3 -VCM x5 
3'h4 VOX. “(EN VCM x5 -VCM x4 
3'h5 VCH x 3 
3'h6 VCH x4 
3'h7 Vous -VCM x 3 
Notes 


1. Connect capacitors where required when using DDVDH, VGH, VGL and VCL voltages. 
2. Setthe following voltages within the respective ranges: 
DDVDH = 6.0V (max.) 


9.6.2 Power Control 2 (R11h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 DC12 | DC11 | DC10 0 DCO2 | DCO1 | DCOO 0 VC2 | VC1 | VCO 
Default 0 0 0 0 0 1 1 1 0 1 1 1 0 0 0 0 


DCO[2:0] / DC1[2:0]: Selects the operating frequency of the step-up circuit 1 / step-up circuit 2. The 
higher step-up operating frequency enhances the drivability of the step-up circuit and the quality of 
display but increases the current consumption. Adjust the frequency taking the trade-off between the 


display quality and the current consumption into account. 


DCO0[2:0] Step-up circuit 1: step-up DC1[2:0] Step-up circuit 2: step-up 


frequency (fpcpc:) frequency (fpcpc?) 
3'hO foclk 3'hO fbcik / 4 
3'h1 fbclk / 2 3'h1 fbclk / 8 
3'h2 fbclk / 4 3'h2 fbclk / 16 
3'h3 fbclk / 8 3'h3 fbclk / 32 
3'h4 fbclk / 16 3'h4 fbclk / 64 
3'h5 fbclk / 32 3'h5 fbclk / 128 
3'h6 fbclk / 64 3'h6 fbclk / 256 
3'h7 Halt Step-up circuit 1 3'h7 Halt Step-up circuit 2 


Note: Make sure the DCO, DC1 setting restriction: fpcpc: 2 fpcpc». "fbclk" is a clock for boost circuit. 
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9.6.3 Power Control 3 (R12h) 


R/W RS D15 D14 D13 D12 D11 DIO DI D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 0 0 | VCIRE 0 0 VRH3 | VRH2 | VRH1 | VRHO 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


VCIRE: Select the external reference voltage VCI or internal reference voltage VCIR. 


VCIRE = 0 


External reference voltage VCI (default) 


VCIRE =1 


Internal reference voltage 2.5V 


VRH[3:0]: Sets the factor to generate VREG1OUT from VCI. 


VCIRE=0 VCIRE=1 

VRH[3:0] VREG10OUT Voltage VREG10OUT Voltage 
4'hO Halt Halt 

4'h1 VCI x 2.00 2.5V x 2.00 = 5.000V 
4'h2 VCI x 2.05 2.5V x 2.05 = 5.125V 
4'h3 VCI x 2.10 2.5V x 2.10 = 5.250V 
4'h4 VCI x 2.20 2.5V x 2.20 = 5.500V 
4'h5 VCI x 2.30 2.5V x 2.30 = 5.750V 
4'h6 VCI x 2.40 2.5V x 2.40 = 6.000V 
4'h7 VCI x 2.40 2.5V x 2.40 = 6.000V 
4'h8 VCI x 1.60 2.5V x 1.60 = 4.000V 
4'h9 VCI x 1.65 2.5V x 1.65 2 4.125V 
4'hA VCI x 1.70 2.5V x 1.70 = 4.250V 
4'hB VCI x 1.75 2.5V x 1.75 = 4.375V 
4hC VCI x 1.80 2.5V x 1.80 = 4.500V 
4'hD VCI x 1.85 2.5V x 1.85 = 4.625V 
4'hE VCI x 1.90 2.5V x 1.90 = 4.750V 
4'hF VCI x 1.95 2.5V x 1.95 = 4.875V 
Notes: 


1. 


2. When VCI<2.5V, internal reference voltage will be same as VCI. 


Make sure the VC and VRH setting restrictions: VREG1OUT x (DDVDH-0.5)V. 
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9.6.4 Power Control 4 (R13h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 VDV4 | VDV3 | VDV2 | VDV1 | VDVO 0 0 0 0 0 0 0 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


VDV[4:0]: Select the factor of VREG1OUT to set the amplitude of VCOM alternating voltage from 0.70 to 
1.24 xVREG1OUT 


VDV[4:0] VCOM Amplitude VDV[4:0] VCOM Amplitude 
5'hO VREG10OUT x 0.70 5'h10 VREG10OUT x 0.94 
5'h1 VREG10OUT x 0.72 5'h11 VREG10OUT x 0.96 
5'h2 VREG10OUT x 0.74 5'h12 VREG10OUT x 0.98 
5'h3 VREG10OUT x 0.76 5'h13 VREG10OUT x 1.00 
5'h4 VREG10OUT x 0.78 5'h14 VREG10OUT x 1.02 
5'h5 VREG10OUT x 0.80 5'h15 VREG10OUT x 1.04 
5'h6 VREG10OUT x 0.82 5'h16 VREG10OUT x 1.06 
5'h7 VREG10OUT x 0.84 5'h17 VREG10OUT x 1.08 
5'h8 VREG10OUT x 0.86 5'h18 VREG10OUT x 1.10 
5'h9 VREG10OUT x 0.88 5'h19 VREG10OUT x 1.12 
5'hA VREG10OUT x 0.90 5'h1A VREG10OUT x 1.14 
5’hB VREG10OUT x 0.92 5'h1B VREG10OUT x 1.16 
5'hC VREG10OUT x 0.94 5'h1C VREG10OUT x 1.18 
5'hD VREG10OUT x 0.96 5'h1D VREG10OUT x 1.20 
5'hE VREG10OUT x 0.98 5'h1E VREG10OUT x 1.22 
5'hF VREG10OUT x 1.00 5'h1F VREG10OUT x 1.24 
9.7 RAM Access Instruction 


9.7.1 RAM Address Set (Horizontal Address) (R20h) 


RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D2 D1 DO 
Ww 1 0 0 0 0 0 0 | 0 | AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 | ADO 
Default 0 0 0 0 0 0 | 0 0 0 0 0 0 0 0 

9.7.2 RAM Address Set (Vertical Address) (R21h) 
RW . RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D2 DI DO 
Ww 1 0 0 0 0 0 o | o | AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | AD8 
Default 0 0 0 0 0 o |o 0 0 0 0 0 0 0 0 


AD[16:0]: A GRAM address set initially in the AC (Address Counter). The address in the AC is 


automatically updated according to the combination of AM, I/D[1:0] settings as the RM68050 writes data 


to the internal GRAM so that data can be written consecutively without resetting the address in the AC. 


The address is not automatically updated when reading data from the internal GRAM. 


Note: In RGB interface operation (RM = “1”), the address AD16-0 is set in the address counter every 


frame on the falling edge of VSYNC. 
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AD[16:0] GRAM Data Setting 
17'h00000 ~ 17'h000EF Bitmap data on the 1° line 
17'h00100 ~ 17'h001EF Bitmap data on the 2™ line 
17'h00200 ~ 17'h002EF Bitmap data on the 3" line 
17'h00300 ~ 17'h003EF Bitmap data on the 4" line 
17'h00400 ~ 17'hO04EF Bitmap data on the 5" line 
17'h13C00 ~ 17'h13CEF Bitmap data on the 317" line 
17'h13D00 ~ 17'h13DEF Bitmap data on the 318" line 
17'n13E00 ~ 17'h13bEEF Bitmap data on the 319" line 
17 h13F00 ~ 17h13FEF Bitmap data on the 320" line 


9.7.3 Write Data to GRAM (R22h) 


R/W RS 


D15 


D14 


D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 


RAM write data WD[17:0] is transferred via different data bus in different interface operation. 


This register is the GRAM access port. When update the display data through this register, the address 


counter (AC) is increased/decreased automatically. 


9.7.4 Read Data from GRAM (R22h) 


R/W RS 


RAM read data RD[17:0] is transferred via different data bus in different interface operation. 


Read 18-bit data from GRAM through the read data register (RDR). 


Set ID/AM, HAS/HEA, VSA/VEA 


| 


Set Address M 


Dummy Read 
GRAM -> Read data latch 


Read Output (data of address M) 
Read data latch -> DB[17:0] 


Set Address N 


Dummy Read 
GRAM -> Read data latch 


Read Output (data of address N) 
Read data latch -> DB[17:0] 
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9.8 Power Control 7 (R29h) 
RW RS D15 D14 D13 D12 D11 D10 DI D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 o | o | o | O | VCM5 | VCM | VCM3 | VCM2 | VCM1 | VCMO 
Default 0 0 0 0 0 0 0|0/|0.0 0 0 0 0 0 0 

VCM [5:0]: Set internal VCOMH voltages. 

VCM1[5:0] VCOMH Voltage VCM1[5:0] VCOMH Voltage 
6'h00 VREG10OUT x 0.685 6'h20 VREG10OUT x 0.845 
6'h01 VREG10OUT x 0.690 6'h21 VREG10OUT x 0.850 
6'h02 VREG10OUT x 0.695 6'h22 VREG10OUT x 0.855 
6'h03 VREG10OUT x 0.700 6'h23 VREG10OUT x 0.860 
6'h04 VREG10OUT x 0.705 6'h24 VREG410OUT x 0.865 
6'h05 VREG10OUT x 0.710 6'h25 VREG1OUT x 0.870 
6'h06 VREG10OUT x 0.715 6'h26 VREG1OUT x 0.875 
6'h07 VREG10OUT x 0.720 6'h27 VREG1OUT x 0.880 
6'h08 VREG10OUT x 0.725 6'h28 VREG1OUT x 0.885 
6'h09 VREG10OUT x 0.730 6'h29 VREG10OUT x 0.890 
6'h0A VREG10OUT x 0.735 6'h2A VREG1OUT x 0.895 
6'h0B VREG10OUT x 0.740 6'h2B VREG1OUT x 0.900 
6’hOC VREG10OUT x 0.745 6'h2C VREG1OUT x 0.905 
6’hOD VREG10OUT x 0.750 6'h2D VREG10OUT x 0.910 
6'hOE VREG10OUT x 0.755 6'h2E VREG10OUT x 0.915 
6’hOF VREG10OUT x 0.760 6'h2F VREG10OUT x 0.920 
6'h10 VREG10OUT x 0.765 6'h30 VREG1OUT x 0.925 
6'h11 VREG10OUT x 0.770 6'h31 VREG10OUT x 0.930 
6'h12 VREG1OUT x 0.775 6'h32 VREG1OUT x 0.935 
6'h13 VREG10OUT x 0.780 6'h33 VREG10OUT x 0.940 
6'h14 VREG1OUT x 0.785 6'h34 VREG10OUT x 0.945 
6'h15 VREG10OUT x 0.790 6'h35 VREG10OUT x 0.950 
6'h16 VREG10OUT x 0.795 6'h36 VREG10OUT x 0.955 
6'h17 VREG10OUT x 0.800 6'h37 VREG10OUT x 0.960 
6'h18 VREG1OUT x 0.805 6'h38 VREG1OUT x 0.965 
6'h19 VREG1OUT x 0.810 6'h39 VREG10OUT x 0.970 
6'h1A VREG1OUT x 0.815 6'h3A VREG10UT x 0.975 
6'h1B VREG1OUT x 0.820 6'h3B VREG10OUT x 0.980 
6'h1C VREG10OUT x 0.825 6'h3C VREG1OUT x 0.985 
6'h1D VREG10OUT x 0.830 6'h3D VREG10OUT x 0.990 
6'h1E VREG10OUT x 0.835 6'n3E VREG1OUT x 0.995 
6'h1F VREG10OUT x 0.840 6'h3F VREG10OUT x 1.000 
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9.9 Frame Rate and Color Control (R2Bh) 
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 0 0 0 0 0 0 O | FRS2 | FRS2 | FRS1 | FRSO 

Default 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 

FRS[4:0] Set the frame rate when the internal resistor is used for oscillator circuit. 

FRS[3:0] Frame Rate FRS[3:0] Frame Rate 

0000 30 1000 51 

0001 31 1001 56 

0010 33 1010 62 

0011 35 1011 70 (default) 

0100 38 1100 83 

0101 40 1101 93 

0110 43 1110 Setting Prohibited 

0111 47 1111 Setting Prohibited 

9.10 y Control 

RW RS D15 D14 D13 D12  D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
R30h | W 1 0 | 0 0 0 | KP1[2]| KP1[1]| KP1[0] | O | O | O 0 0  |KPO[2] | KPO[1] | KPO[O] 
R34h | W 1 0 | 0 0 0 | KP3[2] | KP3[1].| KP3[0] | 0 | 0 | O 0 0 | KP2[2] | KP2[1] | KP2[0] 
R32h | W 1 0 | 0 0 0 | KP5[2] | KP5[1] | KP1[0] | O | O | O 0 O | KP4[2] | KP4[1] | KP4[0] 
R35h | W 1 0 | 0 0 0 | RP1[2]) RP1[1] RP1[0]} 0 | O | O 0 O  |RPO[2] | RPO[1] | RPO[0] 
R36h | W 1 0 | 0 VRP1[4]VRP1[S]VRP1[2] VRP1[1] VRP1[0]| O | O | O VRPO[A4] VRPO[3]| VRPO[2] VRPO[1]| VRPO[O] 
R37h | W 1 0 | 0 0 O | KN1[2] | KN1[1] | KN1[0] | 0 | O | O 0 O  |KNO[2] | KNO[1] | KNO[0] 
R38h | W 1 0 | 0 0 O | KN3[2] | KN3[1] | KN3[o] | 0 | O | O 0 O  |KN2[2] | KN2[1] | KN2[0] 
R39h | W 1 0 | 0 0 O | KN5[2] | KN5[1] | KN1[0] | O | O | O 0 O  |KN4[2] | KN4[1] | KN4[0] 
R3Ch | W 1 0 | 0 0 O | RN1[2]|RN1[1]} RN1[]| O | O | O 0 O | |RNO[2] RNO[1] | RNO[O] 
R3Dh | W 1 0 | 0 VRNA[A]VRN1[3] VRN1[2] VRN1[1]VRN1[0] O | O | O VRNO[4]VRNO[3] VRNO[2] VRNO[1]|VRNO[O] 


KP5-0[2:0] / KN5-0[2:0] : y Fine Adjustment Register for positive/negative polarity 


PRP1-0[2:0] / PRN1-0[2:0]: y Gradient Adjustment Register for positive/negative polarity 


VRP1-0[4:0] / VRN1-0[4:0]: y Amplitude Adjustment Register for positive/negative polarity 


————À—Á— ———————————'''YJ—————————————————  JJ(Joómü—1Q—PTi 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 44 of 106 


Raydium 


R50h 


R51h 


R52h 


R53h 


R50h 


R51h 


R52h 


R53h 


R60h 


9.11 Window Address Write Control Instruction 


RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
Ww 1 0 0 0 0|0/;0/]|0 0 HSA7 | HSA6 | HSA5 | HSA4 | HSA3 | HSA2 | HSA1 | HSAO 
Ww 1 0 0 0 0|0/;0/]|0 0 HEA7 | HSA6 | HSA5 | HEA4 | HEA3 | HEA2 | HEA1 | HEAO 
Ww 1 0 0 0 O0 | O | O | O | VSA8 | VSA7 | VSA6 | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAO 
Ww 1 0 0 0 O | O | O | O | VEA8 | VEA? | VSA6 | VSA5 | VEA | VEA3 | VEA2 | VEA1 | VEAO 
0 0 0 0|0/;0/]|0 0 0 0 0 0 0 0 0 
0 0 0 0|0/;0/]|0 0 1 1 1 0 1 1 1 
Default 
0 0 0 0|0/;0/]|0 0 0 0 0 0 0 0 0 
0 0 0 0|0/;0/]|0 1 0 0 1 1 1 1 1 


HSA[7:0], HEA[7:0]: HSA[7:0] and HEA[7:0] are the start and end addresses of the window address 


area in horizontal direction, respectively. HSA[7:0] and HEA[7:0] specify the horizontal range to write 
data. Set HSA[7:0] and HEA[7:0] before starting RAM write operation. In setting, make sure that 8'h00 < 
HAS < HEA s 8'hEF and 8'h01 x HEA — HSA. 


VSA[8:0], VEA[8:0]: VSA[8:0] and VEA[8:0] are the start and end addresses of the window address area 


in vertical direction, respectively. VSA[8:0] and VEA[8:0] specify the vertical range to write data. Set 
VSA[8:0] and VEA[8:0] before starting RAM write operation. In setting, make sure that 9'h000 x VSA < 


VEA s 9'h13F. 


0000'h HSA HEA 
| 
| 
| 
VSA === 
Window 
Address Area 
VEA l1___ 
GRAM Address Area 


13FEF'h 


Note: The window address range must be within the GRAM address space. 


9.12 Base Image Display Control Instruction 


R/W 


RS 


D15 


D14 


D13 


D12 


D11 


D10 D9 D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Ww 


1 


GS 


0 


NLS 


NL4 


NL3 


NL2 | NL1 | NLO 


0 


0 


SCN5 


SCN4 


SCN3 


SCN2 


SCN1 


SCNO 
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R61h 


R6Ah 


R60h 


R61h 


R6Ah 


Default 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 1 


REV: Enables the grayscale inversion of the image by setting REV = 1. This enables the RM68050 to 
display the same image from the same set of data whether the liquid crystal panel is normally black or 
white. The source output level during front, back porch periods and blank periods is determined by 
register setting (PTS). 


Source Output Level in Display Area 


REV GRAM Data 
Positive Polarity Negative Polarity 
18'h00000 V63 VO 
18'h3FFFF VO V63 
18'h00000 VO V63 
18'h3FFFF V63 VO 


VLE: Vertical scroll display enable bit. When VLE = 1, the RM68050 starts displaying the base image 
from the line (of the physical display) determined by VL[8:0] bits. VL[8:0] sets the amount of scrolling, 
which is the number of lines to shift the start line of the display from the first line of the physical display. 
Note that the partial image display position is not affected by the base image scrolling. 

The vertical scrolling is not available in external display interface operation. In this case, make sure to set 


VLE = “0”. 


VLE Base Image 
0 Fixed 
1 Enable scrolling 


NL[5:0]: Sets the number of lines to drive the LCD at an interval of 8 lines. The GRAM address mapping 


is not affected by the number of lines set by NL[5:0]. The number of lines must be the same or more than 


the number of lines necessary for the size of the liquid crystal panel. 


NL[5:0] Number of Lines NL[5:0] Number of Lines NL[5:0] Number of Lines 


6'h00 8 (lines) 6'hOE 112 6'h1C 232 
6'h01 16 6'hoF 120 6'h1D 240 
6'h02 24 6'h10 128 6'h1E 248 
6'h03 32 6'h11 136 6'h1F 256 
6'h04 40 6'h12 144 6'h20 264 
6'h05 48 6'h13 152 6'h21 272 
6'h06 48 6h14 160 6'h22 280 
6'h07 56 6'h15 168 6'h23 288 
6'h08 64 6'h16 176 6'h24 296 
6'h09 72 6’h17 184 6'h25 304 
6'h0A 80 6'h18 192 6'h26 312 
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6'hOB 88 6'h19 200 6'h27 320 
6'hOC 96 6'h1A 216 Others Setting inhibited 
6'h0D 104 6'h1B 224 


SCN[5:0]: Specifies the gate line where the gate driver starts scan. 


Gate Line No (Scan start position) 


GS=0 GS=1 GS=0 GS=1 
6'h00 G1 G320 G1 G320 
6'h01 G9 G312 G17 G304 
6'h02 G17 G304 G33 G288 
6'h03 G25 G296 G49 G272 
6'h04 G33 G288 G65 G256 
6'h05 G41 G280 G81 G240 
6'h06 G49 G272 G97 G224 
6'h07 G57 G264 G113 G208 
6'h08 G65 G256 G129 G192 
6'h09 G73 G248 G145 G176 
6'h0A G81 G240 G161 G160 
6'hOB G89 G232 G177 G144 
6’hOC G97 G224 G193 G128 
6’hOD G105 G216 G209 G112 
6'hOE G113 G208 G225 G96 
6'hOF G121 G200 G241 G80 
6'h10 G129 G192 G257 G64 
6'h11 G137 G184 G273 G48 
6'h12 G145 G176 G289 G32 
6'h13 G153 G168 G305 G16 
6h14 G161 G160 G2 G319 
6'h15 G169 G152 G18 G303 
6'h16 G177 G144 G34 G287 
6'h17 G185 G136 G50 G271 
6'h18 G193 G128 G66 G255 
6'h19 G201 G120 G82 G239 
6'h1A G209 G112 G98 G223 
6'h1B G217 G104 G114 G207 
6'h1C G225 G96 G130 G191 
6'h1D G233 G88 G146 G175 
6'h1E G241 G80 G162 G159 
6'h1F G249 G72 G178 G143 
6'h20 G257 G64 G194 G127 
6'h21 G265 G56 G210 G111 
6'h22 G273 G48 G226 G95 
6'h23 G281 G40 G242 G79 
6'h24 G289 G32 G258 G63 
6'h25 G297 G24 G274 G47 
6'h26 G305 G16 G290 G31 
6'h27 G313 G8 G306 G15 


6'h28-6'h3F Setting disabled Setting disabled Setting disabled Setting disabled 


NDL: Sets the source output level in non-lit display area. NDL bit can keep the non-display area lit on. 


Non-display area 
NDL 
Positive Negative 
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0 V63 VO 
1 VO V63 


VL[8:0]: Sets the amount of scrolling of the base image. The base image is scrolled in vertical direction 
and displayed from the line which is determined by VL[8:0]. Make sure VL[8:0] < 320. 


GS: Sets the direction of scan by the gate driver. Set GS bit in combination with SM and SS bits for the 


convenience of the display module configuration and the display direction. 


9.13 SPI Read/Write Control (R66h, Write Only) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R/WX 


Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


This register controls the read/write function when 3-wire or 4-wire SPI interface is used. If the read 


function needs to be active, R/WX has to be set to ‘1’. Otherwise, it is ‘0’. 


R/WX Function 
0 Register write mode 
1 Register readd mode 


9.14 Partial Display Control Instruction 


9.14.1 Partial Image 1: Display Position (R80h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 ololoļoļo |o | o PTDPO[B]PTDPO[7]PTDPO[G]PTDPO[B]PTDPO[4]PTDPO[3]PTDPO[2]PTDPO[1]PTDPO[O] 


Default 0/0/00] 0J OJOJ 0 0 0 0 0 0 0 0 0 0 


9.14.2Partial Image 1: RAM Address (Start Line Address) (R81h), (End Line Address) (R82h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0|0/0[|0/|0/|0]| 0 PTSAO[B]PTSAO[7]PTSAO[G]PTSAO[B]PTSAO[A4]PTSAO[3] PTSAO[2] PTSAO[1] PTSAO[O] 


w 1 0|0]0[|0/|0/|0]| 0 PTEAO[B]PTEAO[7]PTEAO[G]PTEAO[B]PTEAO[A4]PTEAO[3] PTEAO[2] PTEAO[1] PTEAO[O] 


0|0/]/0.0 0 0/]|0 0 0 0 0 0 0 0 0 0 
Default 


0[|[0/0/|0/0/|0/0 0 0 0 0 0 0 0 0 0 


9.14.3Partial Image 2: Display Position (R83h) 


RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0|0/]|0[|0/|0/|0]|0 PTDP1[8]PTDP1[7]PTDP1[6]PTDP1[5]PTDP1[4JPTDP1[3]PTDP1[2]PTDP1[1]PTDP1[0] 
Default ololoļloļololo 0 0 0 0 0 0 0 0 0 
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9.14.4Partial Image 2: RAM Address (Start Line Address) (R84h), (End Line Address) (R85h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0|[0|0/|0/|0/;04]|0 PTSA1[B]IPTSAT[7]PTSA1[G]PTSA1[B] PTSA1[4] PTSA4[3] PTSA1[2]PTSA1[1]PTSA1[0] 
Ww 1 0|[0|0/|0/|0/;04]|0 PTEA'1[B]PTEAT[7]PTEA1[G]PTEA1[B] PTEA1[4] PTEA1[3] PTEA1[2] PTEA1[1] PTEA 1[O] 
0|[0|0/|0/|0/|04]|0 0 0 0 0 0 0 0 0 0 
Default 
0|[0|0/|0/|0/|04]|0 0 0 0 0 0 0 0 0 0 
PTDPO[8:0]: Sets the display position of partial image 1. 
PTDP1[8:0]: Sets the display position of partial image 2. 
PTSAO[8:0] and PTEAO[8:0]: Sets the start line and end line addresses of the RAM area, respectively 
for the partial image 1. In setting, make sure that PTSAO x PTEAO. 
PTSA1[8:0] and PTEA1[8:0]: Sets the start line and end line addresses of the RAM area, respectively 
for the partial image 2. In setting, make sure that PTSA1.< PTEA1. 
9.15 Panel Interface Control Instruction 
9.15.1Panel Interface Control 1 (R90h) 
RW RS D15 D14 D13 D12 D11 D10 D9 D8 .D7 D6 D5 D4 D3 D2 D DO 
W 1 0 0 0 0 0 0 |Divi1t|Divio| 0 0 O0 [|RTNI4 RTNIS[RTNI2 RTNI1| RTNIO 
Default 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 


RTNI[4:0]: Sets 1H (line) period. This setting is enabled while the RM68050's display operation is 


synchronized with internal clock. 


DIVI[1:0]: Sets the division ratio of the internal clock frequency. 


Frame Frequency Calculation 


Frame frequency = 


fosc ¿RC oscillation frequency 


fosc 


[H 


Clocks per line x division ratio x (line + BP 4 FP) 


Line : Number of lines to drive the LCD (NL bits) 
Division ratio : DIVI 
Clocks per line : RTNI 


z] 


DIVI[1:0] Division Ratio Internal operation clock unit 
2'hO 1/1 1 OSC 
2'h1 1/2 2 OSC 
2'h2 1/4 4 OSC 
2'h3 1/8 8 OSC 
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RTNI[4:0] Clocks per line RTNI[4:0] Clocks per line RTNI[4:0] Clocks per line 

5'h00-5'hOF Setting inhibited 5'h15 21 clocks 5’h1B 27 clocks 

5'h10 16 clocks 5'h16 22 clocks 5'h1C 28 clocks 

5'h11 17 clocks 5'h17 23 clocks 5'h1D 29 clocks 

5'h12 18 clocks 5'h18 24 clocks 5'h1E 30 clocks 

5'h13 19 clocks 5'h19 25 clocks 5'h1F 31 clocks 

5'h14 20 clocks 5'h1A 26 clocks 

9.15.2Panel Interface Control 2 (R92h) 
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 NOWI[2] | NOWI[1] | NOWI[0] | O 0 0 0 0 0 0 0 

Default 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 


NOWI[2:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled in display 


operation synchronizing with the internal clock. 


NOWI[2:0] Non-overlap period NOWI[2:0] Non-overlap period 
3'hO Setting inhibited 3'h4 4 

3'h1 1 (internal clock) 3'h5 5 

3'h2 2 3'h6 6 

3'h3 3 3'h7 Setting inhibited 


Note: The internal clock is the frequency divided clock, which is set by DIVI[[1:0] bits. 


9.15.3Panel Interface Control 4 (R95h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 0 0 O0 J|DIVET1|DIVEO 0 0 0 0 0 0 0 0 
Default 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 


DIVE[1:0]: Sets the division ratio of DOTCLK when RM68050 display operation is synchronized with 


RGB interface signals. 


Internal operation clock unit (DOTCLK) 


DIVE[1:0] Division Ratio 18-bit, 1 transfer DOTCLK=  8-bit, 3 transfer DOTCLK = 
RGB interface 5 MHz RGB interface 15 MHz 

2'h0 Setting inhibited Setting inhibited - Setting inhibited  - 

2'h1 1/4 4 DOTCLKs 0.8 us 12 DOTCLKs 0.8 us 

2'h2 1/8 8 DOTCLKs 1.6 us 24 DOTCLKs 1.6 us 

2'h3 1/16 16 DOTCLKs 3.2 us 48 DOTCLKs 3.2 us 


—————— 1——————— ——————————————————M———ÀÀ sri 
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9.15.4Panel Interface Control 5 (R97h) 


RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
W 1 0 0 0 O | NOWE[3 | NOWE[2] | NOWE[1] | NOWE0 | 0|0|0.0/|0,.0 0|0 
Default | o | O | 0 | O | 1 1 0 o ]0/0/0/,0/0/0 0|0 
NOWE[3:0]: Sets the non-overlap period of adjacent gate outputs. The setting is enabled in display 
operation via RGB interface. 
NOWE[3:0] Non-overlap period NOWE[3:0] Non-overlap period 
4'h0 Setting inhibited 4'h8 8 
4'h1 1 (clocks) 4'h9 9 
4'h2 2 4'hA 10 
4'h3 3 4'hB 11 
4'h4 4 hC 12 
4'h5 5 4'hD 13 
4'h6 6 4'hE 14 
4'h7 7 4'hF 15 
Note: 1 clock = (Number of data transfers/pixel) x DIVE (division ratio) [DOTCLK]. 
9.16 OTP VCM Control 
9.16.1OTP VCM Programming Control 1 (RA1h) 
RW RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
VCM | VCM_ | VCM_ |VCM | VCM_ | VCM 
» 1 | O |] 8 | 9 | O | ogPeM_ENo NO (0? | ores | orpa | OTP3 | OTP2 | OTP1 | OTPO 
Default 0/0 ¡ojo 0 0/0|0/0/0 0 0 0 0 0 0 


OTP PGM EN: OTP programming enable. When program OTP, must set this bit. 
OTP data can be programmed 3 times. 
VCM OTP[5:0]: OTP programming data for VCOMH voltage, the voltage refer to VCM[5:0] value. 


9.16.20TP VCM Status and Enable (RA2h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


PGM_|PGM_| VCM | VCM | VOM | VOM | VCM | VCM VOM 
Y 1 fenti ento] os | D4 | D3 | p2 | wm | po | 9 | 919.9 919 | 0 |e 
Default o | o 0 0 0 0 0 o lo|o|o|olololo 0 


PGM_CNT[1:0]: OTP programmed record. These bits are read only. 


OTP PGM CNT[1:0] Description 


2'h0 OTP clean 

2'h1 OTP programmed 1 time 
2'h2 OTP programmed 2 times 
2'h3 OTP programmed 3 times 


VCM D[5:0]: OTP VCM data read value. These bits are read only. 
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VCM EN: OTP VCM data enable. 
VCM_EN=1: Set this bit to enable OTP VCM data to replace R29h VCM value. 
VCM EN-0: Default value, use R29h VCM value. 


9.16.30TP VCM Programming ID Key (RA5h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


w 1 KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


KEY[15:0]: OTP Programming ID key protection. Before writing OTP programming data RA1h, it must 
write RASh with OxAA55 value first to make OTP programming successfully. If RA5h is not written with 
OxAA55, OTP programming will be fail. See OTP Programming flow. 


9.17 CABC control 


9.17.1Write Display Brightness Value (RB1h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 0 0 0 0 DBV7 | DBV6 | DBV5 | DBVA | DBV3 | DBV2 | DBV1 | DBVO 


This command is used to adjust the brightness value of the display. 


DBV[7:0]: control the brightness of manual setting or CABC in RM68050. The PWM output signal, 
LEDPWM, controls the LED driver IC to decide the display brightness 


9.17.2Read Display Brightness Value (RB2h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


R 1 0 0 0 0 0 0 0 0 DBV7 | DBV6 | DBV5 | DBVA | DBV3 | DBV2 | DBV1 | DBVO 


This command is used to return the brightness value of the display. 

DBV[7:0] is reset when display is in sleep-in mode. 

DBV[7:0] is ‘0’ when bit BCTRL of "Write CTRL Display (B3h)" command is ‘0’. 

DBV[7:0] is manual set brightness specified with "Write CTRL Display (B3h)" command when BCTRL bit 
is ‘1’. 

When bit BCTRL of “Write CTRL Display (B3h)” command is ‘1’ and C1/CO bit of "Write Content Adaptive 
Brightness Control (B5h)" command are ‘0’, DBV[7:0] output is the brightness value specified with “Write 
Display Brightness (B1h)" command. 


9.17.3Write CTRL Display Value (RB3h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 0 0 0 0 0 O |BCTRL} O DD BL 0 0 


This command is used to set the brightness control mechanism. 
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BCTRL: Brightness control block on/off. This bit is always used to switch brightness for display. 


BCTRL Description 
0 Brightness Control Block OFF (DBV[7:0]=00H) 
1 Brightness Control Block ON (DBV[7:0] is active) 


DD: Display Dimming Control. 


DD Description 
0 Display Dimming OFF 
1 Display Dimming ON 


BL: Backlight Control. 


BL Description 
0 Backlight Control OFF 
1 Backlight Control ON 


Dimming function is adapted to the brightness registers for display when bit BCTRL is changed at DD=1, 
e.g. BCTRL: 0 > 1 or 1 0. 
When BL bit change from “Or” to “Off”, backlight is turned off without gradual dimming, even if 


dimming-on (DD=1) are selected 


9.17.4 Read CTRL Display Value (RB4h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


R 1 0 0 0 0 0 0 0 0 0 O |BCTRL} 0 DD BL 0 0 


This command is used to read the status of the brightness control mechanism. 


9.17.5Write Content Adaptive Brightness Control Value (RB5h) 


R/W RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


W 1 0 0 0 0 0 0 0 0 0 0 0 0 0 o | cm] | CIO] 


This command is used to set parameters for image content based adaptive brightness control 
functionality. There is possible to use 4 different modes for content adaptive image functionality, which 


are defined on a table below. 


C[1:0] Description 

2'h0 CABC OFF 

2'h1 User Interface Image 
2'h2 Still Picture 

2'h3 Moving Image 


9.17.6Read Content Adaptive Brightness Control Value (RB6h) 


RW RS D15 D14 D13 D12 D11 DIO D9 D8 D7 D6 D5 D4 D3 D2 DI DO 
R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 o | cm] | CIO] 


This command is used to read the status for image content based adaptive brightness control 


functionality. 
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R/W 


9.17.7Write CABC Minimum Brightness (RBEh) 


RS D15 D14 D13 D412 D11 D10 DI DE D7 D6 D5 D4 D3 D2 D1 DO 


1 0 0 0 0 0 0 | o | 0 |CMBI[7]|CMBI[6] | CMB[5] CMBI[4] | CMB[3] CMB[2]| CMB[1] CMBJ[0] 


R/W 


This command is used to set the minimum brightness value of the display for CABC function. 
CMB[7:0]: CABC minimum brightness control, this parameter is used to avoid too much brightness 
reduction. 

When CABC is active, CABC can not reduce the display brightness to less than CABC minimum 
brightness setting. Image processing function is worked as normal, even if the brightness can not be 
changed. This function does not affect to the other function, manual brightness setting. Manual 
brightness can be set the display brightness to less than CABC minimum brightness. Smooth transition 
and dimming function can be worked as normal. 

When display brightness is turned off (BCTRL=0 of “Write CTRL Display (B3h)"), CABC minimum 
brightness setting is ignored. 

In principle relationship is that OOh value means the lowest brightness for CABC and FFh value means 
the highest brightness for CABC. 


9.17.8Read CABC Minimum Brightness (RBFh) 


RS D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 


1 0 0 0 0 0 o | 0 | 0 |CMBI7]|CHB[6] CMB[5] CMB[4] CMB[3]| CMB[2]| CMB[1]| CMB[0] 


This command is used to read the minimum brightness value of the display for CABC function. 


9.18 Deep standby control 


1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DSTB 


D 


efault 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 


DSTB: When DSTB = 1, the RM68050 enters the deep standby mode. In deep standby mode, the 
internal logic power supply is turned off to reduce power consumption. The GRAM data and instruction 
setting are not kept when the RM68050 enters the deep standby mode, and they would be reset 
automatically after exiting deep standby mode. 


To exit deep standby mode, nCS pin needs to be toggled from low to high 6 times. 
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10.Instruction List 


No. Register Name RW RS  D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO 
IR Index Register W 0 2 ? > i D ? * 5 1D7 IDG ID5 IDA ID3 ID2 ID1 IDO 
00h Driver Code Read RO 1 1 0 0 1 0 0 1 1 0 0 1 0 0 1 0 1 
01h Driver Output Control 1 Ww 1 0 0 0 0 0 SM 0 SS 0 0 0 0 0 0 0 0 
02h LCD Driving Control W 1 0 0 0 0 0 0 B/C 0 0 0 0 0 0 0 0 0 
03h Entry Mode Ww 1 TRI DFM 0 BGR 0 0 0 0 ORG 0 1//1D1 1/DO AM 0 0 0 
05h 16 bits data format control Ww 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 FPF1 | FPFO 
07h Display Control 1 W 1 0 0 PTDE1 | PTDEO 0 0 0 |BASEE 0 0 GON |DTE CL 0 D1 DO 
08h Display Control 2 W 1 0 0 0 0 FP3 FP2 FP1 FPO 0 0 0 0 BP3 BP2 BP1 BPO 
09h Display Control 3 Ww 1 0 0 0 0 0 0 PTS1 | PTSO 0 0 PTG1| PTGO| ISC3 | ISC2 | ISC1 | ISCO 
OAh Display Control 4 Ww 1 0 0 0 0 0 0 0 0 0 0 0 0 pon FMI2 | FMI1 | FMIO 
OCh RGB Display Interface Control 1 W 1 0 ENC2 | ENC1 | ENCO 0 0 0 RM 0 0 DM1 DMO 0 0 RIM1 | RIMO 
ODh Frame Maker Position Ww 1 0 0 0 0 0 0 0 FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO 
OFh RGB Display Interface Control 2 Ww 1 0 0 0 0 0 0 0 0 0 0 0 VSPL | HSPL 0 EPL DPL 
10h Power Control 1 Ww 1 0 0 0 SAP 0 BT2 BT1 BTO APE | AP2 AP1 APO 0 0 SLP STB 
11h Power Control 2 Ww 1 0 0 0 0 0 DC12 | DC11 | DC10 0 DC02 | DCO1 | DCOO 0 VC2 | VC1 VCO 
12h Power Control 3 Ww 1 0 0 0 0 0 0 0 0 VCIRE 0 0 0 VRH3 | VRH2 | VRH1 | VRHO 
13h Power Control 4 Ww 1 0 0 0 VDV4 | VDV 3 | VDV 2| VDV 1| VDV 0 0 0 0 0 0 0 0 0 
20h Horizontal GRAM Address Set W 1 0 0 0 0 0 0 0 0 AD7 | AD6 | AD5 | AD4 | AD3 | AD2 | AD1 ADO 
21h Vertical GRAM Address Set Ww 1 0 0 0 0 0 0 0 AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | AD8 


22h Write Data to GRAM 


RAM write data WD[17:0] / read data RD[17:0] is transferred via different data bus in different interface operation. 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior permission of Raydium. Please handle the information 


based on Non-Disclosure Agreement. 


Page 55 of 106 


Raydium 


29h | Power Control 7 Ww | 1 0 0 0 0 0 0 0 0 0 0 | VCM5| VCM4 | VCM3 | VCM2 | VCM1 | VCMO 
2Bh | Frame Rate and Color Control Ww | 1 0 0 0 0 0 0 0 0 0 0 0 0 | FRS2| FRS2 | FRS1 | FRSO 
30h | Gamma Control 1 w | 1 0 0 0 0 0 |KP4[2]| KP1[1]| KP4[O]| O 0 0 0 O | KPO[2] | KPO[1] | KPO[O] 
31h | Gamma Control 2 w | 1 0 0 0 0 0 | KP3[2] | KP3[1] | KP3[0] | 0 0 0 0 O | KP2[2] | KP2[1] | KP2[0] 
32h | Gamma Control 3 Ww | 1 0 0 0 0 O  |KP5[2] | KP5[1]  KP4[O]| 0 0 0 0 O | KP4[2] | KPA[1] | KP4[0] 
35h | Gamma Control 4 w | 1 0 0 0 0 0  |RP1[2]|RP1[1] | RP4[O]| O 0 0 0 0  |RPO[2] | RPO[1] | RPO[O] 
36h | Gamma Control 5 w | 1 0 0 0  |VRP4H]| VRP1[3] VRP1[2]] VRP1[1] VRP4[0]| O 0 0  |VRPO[4]| VRPO[3]| VRPO[2]| VRPO[1]| VRPO[O] 
37h | Gamma Control 6 Ww | 1 0 0 0 0 0 |KN1[2]|KN1[1] | KN1[O]| 0 0 0 0 O  |KNO[2] | KNO[1] | KNO[O] 
38h | Gamma Control 7 w | 1 0 0 0 0 O -| KN3[2] | KN3[4] | KN3[O]| 0 0 0 0 0 |KN2[2] | KN2[1] | KN2[0] 
39h | Gamma Control 8 w | 1 0 0 0 0 0 |KN5[2]|KN5[1] | KN1[O]| 0 0 0 0 O | KN4[2] | KN4[1] | KN4[0] 
3Ch | Gamma Control 9 w | 1 0 0 0 0 0 J|RN1[2]|RNT[I]| RN1[0] | O 0 0 0 O  |RNO[2] | RNO[1] | RNO[O] 
3Dh | Gamma Control 10 w | 1 0 0 0  |VRN1HM]| VRN1[3] VRN1[Z]| VRN1[1] VRN1[0]| 0 0 0 |VRNO[4] VRNO[3]| VRNO[2]| VRNO[1]| VRNO[O] 
50h | Horizontal Address Start Position | w | 1 0 0 0 0 0 0 0 O | HSA7 | HSA6 | HSA5 | HSM | HSA3 | HSA2 | HSA1 | HSAO 
51h | Horizontal Address End Position w | 1 0 0 0 0 0 0 0 O | HEA7 | HSA6 | HSA5 | HEM | HEA3 | HEA2 | HEA1 | HEAO 
52h | Vertical Address Start Position w | 1 0 0 0 0 0 0 O | VSA8 | VSA7 | VSA6 | VSA5 | VSM | VSA3 | VSA2 | VSA1 | VSAO 
53h | Vertical Address End Position w | 1 0 0 0 0 0 0 O | VEA8 | VEA7 | VSA6 | VSA5 | VEM | VEA3 | VEA2 | VEA1 | VEAO 
60h | Driver Output Control 2 w | 1 GS 0 NL5 | NL4 | NL3 | NL2 | NL1 | NLO 0 O |SCN5| SCM | SCN3 | SCN2 | SCN1 | SCNO 
61h | Base Image Display Control w | 1 0 0 0 0 0 0 0 0 0 0 0 0 0 NDL | VLE | REV 

66h | SPI Read/Write Control wam 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | RWX 
6Ah | Vertical Scroll Control w | 1 0 0 0 0 0 0 0 VL8 | VL7 | vie | V5 | VL4 | VI3 | VL2 | VL1 | vlo 

80h | Partial Image 1 Display Position w | 1 0 0 0 0 0 0 0  |PTDPO0[8] PTDPO[7] PTDPO[G] PTDPO[5] PTDP0[4] PTDPO[3] PTDPO[Z] PTDP0[1] PTDPOJO] 
81h | Partial Image 1 Area (Start Line) W | 1 0 0 0 0 0 0 0  |PTSA0f8] PTSAQ[7] PTSAO0f6] PTSAO[S] PTSAO[4] PTSAO[3] PTSAO[2] PTSAO[1] PTSAO[O] 
82h | Partial Image 1 Area (End Line) W | 1 0 0 0 0 0 0 0  |PTEA0[8] PTEAQ[7] PTEAO6] PTEAO[5] PTEAO[4] PTEAO[3] PTEAO[2] PTEAO[1] PTEAO[O] 
83h | Partial Image 2 Display Position W | 1 0 0 0 0 0 0 0  |PTDP1[8] PTDP1[7] PTDP1[6] PTDP1[5] PTDP1(4] PTDP1[3] PTDP4[2] PTDP1[1] PTDP1[0] 
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84h | Partial Image 2 Area (Start Line) | w 0 0 0 0 0 0 0 [PTSB] PTSA1[7] PTSA1[6] PTSA1E] PTSA14] PTSA1[8] PTSA1(2] PTSA1[1]| PTSATUO] 
85h | Partial Image 2 Area (End Line w 0 0 0 0 0 0 0 |PTEAMB]| PTEA1[7] PTEA [6] PTEA1 5] PTEA14] PTEA1[8] PTEA1(2] PTEAT[T] PTEAT[O] 
90h | Panel Interface Control 1 w 0 0 0 0 0 0 |DIVM | DIVIO | o 0 0 | RTNH | RTNI3 | RTNI2 | RTNI1 | RTNIO 
92h | Panel Interface Control 2 w 0 0 0 0 0 [NOWI[2] NOWI[1] NOWI[O]| o 0 0 0 0 0 0 0 
95h | Panel Interface Control 4 W 0 0 0 0 0 0 |DIVE4|DIVEO| 0 0 0 0 0 0 0 0 
97h | Panel Interface Control 5 w 0 0 0 o  |NOWEISJNOWED]NOWEIT]NOWEI] 0 0 0 0 0 0 0 0 
Ath | OTP VCM Programming Control | w 0 0 0 BAL D 0 0 0 0 IE brin ES Mni ar Meu 
A2h | OTP VCM Status and Enable w CUT EET 5 m A on A 0 0 0 0 0 0 0 ich 
REUS Sap ees " KEY | KEY | KEY | KEY | KEY | KEY KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY | KEY 
81h | Write Display Brightness w 0 0 0 0 0 0 0 o | DBV7 | peve | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO 
B2h | Read Display Brightness R 0 0 0 0 0 0 0 o | DBV7 | peve | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO 
B3h | Write CTRL Display value w 0 0 0 0 0 0 0 0 0 o |BCTR| o | DD | BL | o 0 
B4h | Read CTRL Display value R 0 0 0 0 0 0 0 0 0 o |BCTR| o | DD | BL | o 0 
B5h | Write Content Adaptive w 0 0 0 0 0 0 0 0 0 0 0 0 0 o | ct | co 
86h | Brightness Control value R 0 0 0 0 0 0 0 0 0 0 0 0 0 o | ct | co 
BEh | Read Content Adaptive w 0 0 0 0 0 0 0 0 |CMBI7]| CMB[6]| CMB[5]| CMBI4]| CMB[3]| CMB[2]| CMB[1] CMB[O] 
BFh | Brightness Control value R 0 0 0 0 0 0 0 0 |CMBI[7]| CMB[6]| CMB[5]| CMBI4]| CMB[3]| CMB[2]| CMB[1] CMBI[O] 
E6h Deep stand by mode control Ww 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 DSTB 


————— SSS 
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11.Interface and Data Format 


The RM68050 supports system interface for making instruction and other settings, and external display 
interface for displaying a moving picture. The RM68050 can select the optimum interface for the display 


(moving or still picture) in order to transfer data efficiently. 


As external display interface, the RM68050 supports RGB interface and VSYNC interface, which enables 


data rewrite operation without flicker effect of the moving picture on display. 


In RGB interface operation, the display operation is executed in synchronization with synchronous 
signals VSYNC, HSYNC, and DOTCLK. In synchronization with these signals, the RM68050 writes 
display data according to data enable signal (ENABLE) via RGB data signal bus (DB17-0). The display 
data is stored in the RM68050's GRAM so that data is transferred only when rewriting the frames of 
moving picture and the data transfer required for moving picture display can be minimized. The window 
address function specifies the RAM area to write data for moving picture display, which enables 


displaying a moving picture and RAM data in other than the moving picture area simultaneously. 


In VSYNC interface operation, the internal display operation is synchronized with the frame 
synchronization signal (VSYNC). The VSYNC interface enables a moving picture display via system 
interface by writing the data to the GRAM at faster than the minimum calculated speed in synchronization 
with the falling edge of VSYNC. In this case, there are restrictions in setting the frequency and the 


method to write data to the internal RAM. 


The RM68050 operates in either one of the following four modes according to the state of the display. 
The operation mode is set in the external display interface control register (ROCh). When switching from 


one mode to another, make sure to follow the relevant sequence in setting instruction bits. 


Operation Mode RAM Access Setting (RM) Display Operation Mode (DM) 


Internal clock operation System interface Internal clock operation 
(displaying still pictures) (RM = 0) (DM1-0 = 00) 
RGB interface (1) RGB interface RGB interface 
(displaying moving pictures) (RM = 1) (DM1-0 = 01) 
NGB interfade (2) a System interface RGB interface 
(rewriting still pictures while s _ 

` à : (RM = 0) (DM1-0 = 01) 
displaying moving pictures) 
VSYNC interface System interface VSYNC interface 
(displaying moving pictures) (RM = 0) (DM1-0 = 10) 


Notes: 
1. Instructions are set only via system interface. 


2. The RGB and VSYNC interfaces cannot be used simultaneously. 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 58 of 106 


Raydium 


12. System Interface 


The following are the kinds of system interfaces available with the RM68050. The interface operation is 


selected by setting the 1M3/2/1/0 pins. The system interface is used for instruction setting and RAM 


access. 


IM3 IM2 IM1 IMO 


0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 ID 
0 1 1 0 
0 1 1 1 
1 0 0 * 
1 0 1 0 
1 0 1 1 
1 1 * * 


Interfacing Mode with MPU 
Setting inhibited 

Setting inhibited 

80-system 16-bit interface 
80-system 8-bit interface 
Clock synchronous serial interface 
9-bit 3 wires Serial Peripheral 
Interface 

8-bit 4 wires Serial Peripheral 
Interface 

Setting inhibited 

80-system 18-bit interface 
80-system 9-bit interface 
Setting inhibited 


12.1 80-system 18-bit Bus Interface 


DB pins 


DB17-10, DB8-1 
DB17-10 
(SDI, SDO) 


SDA, SCL, nCS 


SDA, SCL, nCS, 
RS(D/CX) 


DB17-0 
DB17-9 


IM[3:0] = 0010 


RS 


we RM68050 


nRD 


DB17-0 


Figure 3 18-bit bus interface for 80-system 


Colors 


262,144 
262,144 
65,536 


262,144 


262,144 


262,144 
262,144 
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Instruction write 


input DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 

P 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
inairüetior IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 


Instruction code 


Instruction read 


Read data IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
Output DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
P 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 


Figure 4 18-bit Interface Data Format (Instruction Write / Instruction Read) 


RAM data write 


input DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
x 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
GRAM 
; R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | Gi | GO | B5 B4 | B3 | B2 | B1 | BO 
write data 

1 pixel Note: Normal display in 262,144 colors 


RAM data read 


GRAM 
data 


Read data 


Output 
pins 


Figure 5 18-bit Interface Data Format (RAM Data Write / RAM Data Read) 
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12.2 80-system 16-bit Bus Interface 


IM[3:0] = 0010 


RS 


we RM68050 


nRD 


DB17-10, 8-1 


Figure 6 16-bit bus interface for 80-system 


Instruction write 


irit DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB 
p 17 16 15 14 13 12 11 10 8 7 6 5 4 3 2 1 

A IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Instruction code 
Instruction read 

Read data IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
Output DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB 

p 17 16 15 14 13 12 11 10 8 7 6 5 4 3 2 1 


Note: Data cannot be transferred in twice 
in read operation via 16-bit interface 


Figure 7 16-bit Interface Data Format (Instruction Write / Instruction Read) 
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RAM data write (single transfer mode: TRIREG = 0) 


Input 


GRAM 
write data 


Input 


GRAM 
write data 


RGB 
assignment 


R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | BS | B4 | B3 | B2 B1 | BO | 
1 pixel Note: Normal display in 65,536 colors 
RAM data write (2 transfer mode: TRIREG = 1, DFM = 0) 
First transfer 2nd transfer 
DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 8 7 6 5 4 3 2 1 17 | 16 
Y 
WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD 
[17] | [16] | [15] | [14] | [13] | [12] | [11] | [10] | [9] | [8] | M] | [6] | 5] | A | B] | Bl | N] | [o 
l EE LPN NYI I 
R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 B1 | BO | 
1 pixel Note: Normal display in 262,144 colors 


DB 
17 


DB 


15 


DB 
16 


DB 
14 


DB 
13 


DB 
12 


oO 
4 A y 
r«—— 


RAM data write (2 transfer mode: TRIREG = 1, DFM = 1) 


Input 


GRAM 
write data 


RGB 
assignment 


1st transfer 


Second transfer 


DB 


DB | DB 
17 


DB 
16 


DB | DB 
13 | 12 


DB 
11 


DB | DB | DB 
10 8 7 


WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD | WD 

[17] | [16] | [15] | [14] i [12] | [11] | [10] | [9] | [8] | [8] | [9] | 4] | R] | [1] | [0] 

R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | BS | B4 | B3 | B2 B1 | BO | 
1 pixel Note: Normal display in 262,144 colors 


Figure 8 16-bit Interface Data Format (RAM data write) 


RAM data read (single transfer: TRIREG = 0) 


GRAM 
data 


Read data 


Output 
pins 
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RS | R4 | R3 


R2 


R1 


RO 


G5 | G4 


G3 | G2 | Gi | GO 


B3 


B2 


B1 | BO 


RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD RD | RD | RD 
[17] | [16] | [15] | [14] j E LA | [7] | [5] | Hl | B] | 2 | [0] 
DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB 
17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 8|7|6|5|4]3|2]1 


Note: Data cannot be transferred in twice 
in read operation via 16-bit interface 


Figure 9 16-bit Interface Data Format (RAM data read) 


permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page 62 of 106 


Raydium 


12.3 80-system 9-bit Bus Interface 


When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are 
transferred first (the LSB is not used). The RAM write data is also divided into upper and lower 9 bits, and 
the upper 9 bits are transferred first. The unused DB pins must be fixed at either IOVCC or IOGND level. 


When transferring the index register setting, make sure to write upper byte (8 bits). 


IM[3:0] = 1011 


Figure 10 9-bit bus interface for 80-system 


Instruction write 


First transfer Second transfer 
input DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
p 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 
Instruciión IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
Instruction code 
Device code read 
Read data IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 
15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
Output First transfer Second transfer 
a DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 


Figure 11 9-bit Interface Data Format (Instruction Write / Device Code Read) 
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RAM data write 


First transfer Second transfer 
input DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
P 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 
GRAM 
: R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 B2 | B1 | BO 
write data 


RAM data read 


zn R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | BS | BA | B3 | B2 | B1 | BO 

Read data RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD | RD 
[17] | [16] | [15] | [14] | [13] | [12] | [11] | [10] | [9] | [8] | [7] | [6] | 5] | A | BI | [2] | E | [01 

Output First transfer Second transfer 

pins DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 17 | 16 | 15 | 14 | 13 | 12 | 11 10 9 


Figure 12 9-bit Interface Data Format (RAM Data Write / RAM Data Read) 
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12.4 80-system 8-bit Bus Interface 


When transferring 16-bit instruction, it is divided into upper and lower 8 bits, and the upper 8 bits are 
transferred first. The RAM write data is also divided into upper and lower 8 bits, and the upper 8 bits are 
transferred first. The RAM write data is expanded into 18 bits internally as shown below. The unused DB 
pins must be fixed at either IOVCC or IOGND level. When transferring the index register setting, make 


sure to write upper byte (8 bits). 


IM[3:0] = 0011 


Figure 13  8-bit bus interface for 80-system 


Instruction write 


First transfer Second transfer 
input DB | DB | DB DB | DB | DB | DB | DB DB | DB DB | DB | DB | DB | DB | DB 
P 17 16 15 14 13 12 11 10 17 16 15 14 13 12 11 10 


Instruction 


Device code read 


Rar IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB IB 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Output First transfer Second transfer 
E DB | DB | DB DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB 
17 16 15 14 13 12 11 10 17 16 15 14 13 12 11 10 


Figure 14 8-bit Interface Data Format (Instruction Write / Device Code Read) 
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RAM data write (2-transfer mode: TRIREG = 0) 


Input 


GRAM 
write data 


Input 


First transfer 


Second transfer 


DB 


DB 
14 


DB 
13 


DB 


DB 


R5 | R4 | R3 | R2 R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO 
1 pixel Note: Normal display in 65,536 colors 
RAM data write (3-transfer mode: TRIREG = 1, DFM = 0) 
1st transfer Second transfer Third transfer 
DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB | DB | DB | DB 
11 | 10 | 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 | 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 


GRAM 
write data 


R5 | R4 


R3 


R2 | R1 


Ro | es 


G4 


cs | e: 


G1 


GO 


B5 


os | 89 


B2 


B1 | BO 


1 pixel 


RAM data write (3-transfer mode: TRIREG = 1, DFM = 1) 


First transfer 


Input 


GRAM 
write data 


Note: Normal display in 242,144 colors 


Second transfer 


Third transfer 


DB 
17 


DB 
16 


DB 
15 


DB 
14 


DB 
13 


DB 
12 


DB 
17 


DB 
16 


DB | DB 
15 | 14 


DB 
13 


DB 
12 


DB 
17 


DB 
16 


DB 
15 


DB 
14 


DB | DB 
13 


12 


RAM data read 


GRAM 
data 


Read data 


Output 
pins 


R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B5 | B4 | B3 | B2 | B1 | BO 
1 pixel Note: Normal display in 242,144 colors 
Figure 15 8-bit Interface Data Format (RAM Data Write) 
R5 | R4 | R3 | R2 | R1 G4 G1 | GO | B5 B2 


RD 
[14] 


RD 
[13] 


RD 
[6] 


First transfer Second transfer 
DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB | DB | DB | DB | DB | DB 
17 | 16 15 | 14 | 13 12 | 11 10 17 16 | 15 | 14 13 | 12 11 10 


Note: Data cannot be transferred in 3 times in read operation via 8-bit interface 


Figure 16 8-bit Interface Data Format (RAM Data Read) 
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12.5 Serial Interface 


The serial interface is selected by setting the IM3/2/1 pins to the IOGND/IOVCC/IOGND levels, 
respectively. The data is transferred via chip select line (nCS), serial transfer clock line (SCL), serial data 
input line (SDI), and serial data output line (SDO). In serial interface operation, the IMO/ID pin functions 
as the ID pin, and the DB17-0 pins, not used in this mode, must be fixed at either IOVCC or GND level. 


The SPI interface operation enables from the falling edge of nCS and ends of data transfer on the rising 
edge of nCS. The start byte is transferred to start the SPI interface and the read/write operation and RS 
information are also included in the start byte. When the start byte is matched, the subsequent data is 
received by RM68050. 


The seventh bit of start byte is RS bit. When RS = “0”, either index write operation or status read 
operation is executed. When RS = "1", either register write operation or RAM read/write operation is 
executed. The eighth bit of the start byte is used to select either read or write operation (R/W bit). Data is 
written when the R/W bit is “0” and read back when the R/W bit is “1”. 


After receiving the start byte, RM68050 starts to transfer or receive the data in unit of byte and the data 
transfer starts from the MSB bit. All the registers of the RM68050 are 16-bit format and receive the first 
and the second byte data as the upper and the lower eight bits of the 16-bit register respectively. In SPI 


mode, 5 bytes dummy read is necessary and the valid data starts from 6" byte of read back data. 


Table 14 Start Byte Format 


Transferred Bits S 1 2 3 4 5 6 7 8 
Start byte format. Transfer start Device ID code RS R/W 
0 1 1 1 0 ID 


Note: The ID bit is determined by setting the IMO/ID pin. 


Table 15 Functions of RS, R/W bits 


RS R/W Function 

0 0 Set index register 

0 1 Read a status 

1 0 Write instruction or RAM data 
1 1 Read instruction or RAM data 


uluulu 
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Instruction 

First transfer (upper) Second transfer (lower) 
ifii D D D D D D D D D D 
Apa 15 | 14 | 13 | 12 | 11 | 10 | 9 | 8 
Instruction 


Instruction code 


RAM data write 


First transfer (upper) Second transfer (lower) 
— D D D D D D D D D D D D D D D D 
P 15 | 14 | 13 | 12 | 11 10 9 8 7 6 5 4 3 2 1 0 
i Y Y i Y x Ss l i | i voy y y Y 
SRAM R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | B | B4 | B3 | B2 | B1 | BO 
write data 


1 pixel Note: Normal display in 65,536 colors in SPI 


Figure 17 Serial Interface Data Format 


(a) Basic data transmission through SPI 


ncs \ / 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
SCL 


DN/DNDN/DNVDN/DNVDNDNDNDNDNDNDNDNDND 
NA EN AN 15/N14/M3/N12/N11/M10/N 9 /N 8 /N7 /N6 /N5 /NA /N3 /N2 /N 1 /NO 
son Byte |= Index register, register settings and GRAM write — > 


(outa KAKARA Ne A NS As NS NEA No) 
¿St registers and GRAM rea — — — 4 


(b) Consecutive transmission through SPI 


ncs N 


1 8 9 16 17 24 25 32 


SCL 


Register 1 Register 1 Register 2 Register 2 
SDI Start Byte | Upper eight bits A Lower eight bits A Upper eight bits Lower eight bits 


Note: The first byte after Start 
Byte must be the upper eight bits 


AAA ——————————————————M———ÀÀ sri 
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(c) GRAM data read transmission (TRI="0") 


ncs \ 


1 8 9 16 17 24 25 32 33 40 41 48 
SCL 
Start Byte 
ia RS=1, RW=1 
GRAM read GRAM read 
SDO Dummy 1 Dummy 2 Dummy 3 Dummy 4 Dummy 5 Upper byte Lower byte 


Note: Five bytes of dummy data are right after the Start Byte 


(d) Status/register read transmission 


1 8 9 16 17 24 25 32 


SDI Start Byte 
Register 1 Register 1 
SDO MIA 9 EA Upper eight bits A Lower eight bits 


Note: One byte of dummy data is right after the Start Byte 


(e) Basic RAMdata transmission through SPI (TRI-" 1") 


ncs \ / 


1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
SCL 


0/4 4 1\0 /ip/ RVRVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVDVD 
SAW/\24/\23/\22/\21/\20/\19/\18/\17/\16/\15/\14/\13/\12/\11/\10/\ 9 AS A7 /AA6/AS/A AS /A2/N1/N0 
- Start Byte = GRAM write -| 


(Cau ees es fes eo es A es ve es es es eee A AZ Ne AS NS NANN) 
|a GRAM read - 


(f) GRAM data write transmission through SPI (TRE"1") 


9 / 


1 8 9 16 17 24 25 32 33 40 41 48 
SCL 
SDI Start Byte RAM data 1 RAM data 1 RAM data 1 RAM data 2 RAM data 2 RAM data 2 
y 1% transfer 2 transfer 3 transfer 1% transfer 2" transfer 3" transfer 
RAM data 1 RAM data 2 
c pe I— s 
processing processing 
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(g) GRAM data read transmission (TRI="1") 


ncS \ / 


1 8 9 16 41 48 
nose 
SCL THT 
ole su 
Start Byte 
m RS=1, RW=1 
RAM read RAM read RAM read 
SDO Dummy 1 U Dummy 5 1% byte 2" byte 3" byte 


Note: Five bytes of dummy data are right after the Start Byte 


Figure 18 Data Transfer in Serial Interface 


12.6 9-bit 3-wire Serial Interface 


This SPI mode uses a 3-wire 9-bit serial interface. The chip-select nCS (active low) enables and disables 
the serial interface. SCL is the serial data clock and SDA is serial data. 

Serial data must be input to SDA in the sequence D/CX, D7 to DO. The RM68050 catches the data at the 
rising edge of SCL signal. The first bit of serial data D/CX is data/command flag. D/CX = "1" indicates that 
D7 to DO bits are display RAM data or command parameters. D/CX = "0" indicates that D7 to DO bits are 
commands. 

When users need to read back the register or GRAM data, the register R66h must be set to "1" first, and 
then write the register index to read back the register or GRAM data. 


(a) Register Write Mode 


ncs N / N / 
1 2 3 4 6 6/7 8 9 1 2 3 4 5 6 7 8 9 
a FERALE CPL L PULL LLL 
SOA A KNEKK NAGANA EAT AS AS E AG AZ AA O) 
sa | commana || | cineva ||] cone | |° | conmanaz || 1| cioneve || | downy) | 


—————— 1——————— ——————————————————M———ÀÀ sri 
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(b) Register Read Mode 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 


SS 


one i seas ea eo Ae AS S NA ASA Ao) 
I—e dummy clocks —»| 


(c) GRAM Write Mode (TRIS"0"") 


ncs \ 


» —RRRRRARRRRRRRRARRRRRRRRRRRRARRRARRRE 
- XonOOO)000000000000000909090860 


(d) GRAM Write Mode (TRl="1") 


ncs \ 


sw — EEE RH HDD GE GG EE EE EE 
On Jess Nes Noc AC ASA EN AX Ke ASA 


(e) GRAM Read Mode (TRI="0") 


ncS \ / 

sc A AAA AAA AAA 
ATA AAA AAA TA 

SDA 

(Host) E R22h 


SDA 0 RVRVRVRVRVGVGVGVGVGVGVBVBVBVBVB 
irver 5 
Di 4/N3/A2/A/A0 4A3A2A1A0A4A3A2M1/M0 


^M 4 dummy clocks >] 
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(f) GRAM Read Mode (TRI="1") 


nCS N / 
TAH 
so WEBER rm nt 
SDA 
(Host) E R22h 


Oe) = = a, qupd 


Figure 19 Data Transfer in 3-wire Serial Interface 


12.7 8-bit 4-wire Serial Interface 


This SPI mode uses a 4-wire 9-bit serial interface. The chip-select nCS (active low) enables and disables 
the serial interface. D/CX (input through RS pin) is the command or data select signal, SCL is the serial 
data clock and SDA is serial data. 

Serial data must be input to SDA in the sequence D7 to DO. The RM68050 catches the data at the rising 
edge of SCL signal. The D/CX signal indicates data/command. D/CX = "1" indicates that D7 to DO bits 


are display RAM data or command parameters. D/CX - "O" indicates that D7 to DO bits are commands. 


(a) Register Write Mode 


"IN EN "A 
0 HR HU HULL 
as Koo 


AAA 
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(b) Register Read Mode 


ncs \ / 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
SCL 


B eA OA 


one à sess Veo Ae AS S 3 A3 AZ 0) 
^ 5 dummy clocks >| 


(c) GRAM Write Mode (TRI="0") 


ncs \ 


: GC 308—990 90 
= AAA 


(d) GRAM Write Mode (TRl="1") 


ncs \ 


sco EEE EEE EEE a GG GE ELE EDU 
i, O), AA XN XA 


(e) GRAM Read Mode (TRI="0") 


ncs N / 
Ho Tyee ranr 

OLA 
sn deo 


(07) 

S 
T. xj 
co D 
v xj 
2 xj 
ox 
c G) 
AO 
w a 
(HO) 
LA 
od 
+= UJ 
w OO 
N OO 
— UJ 
Oo UJ 


(Dirver) \ i 


^ 4 dummy clocks >| 
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(f) GRAM Read Mode (TRI="1") 


ncs \ / 


so MARRA GE EEE a EE DE 41 


RS 0 1 1 1 
SDA 
(Host) R22h 
SDA 
(Dirver) 


7 000000000002000000000000 


clocks 
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13. VSYNC Interface 


RM68050 supports the VSYNC interface in synchronization with the frame-synchronizing signal VSYNC 
to display the moving picture with the system interface. When the VSYNC interface is selected to display 
a moving picture, the minimum GRAM update speed is limited and the VSYNC interface is enabled by 
setting DM[1:0] = “10” and RM = “0”. 


LCDC/MPU 


Figure 20 VSYNC Interface connection 


In the VSYNC mode, the display operation is synchronized with the internal clock and VSYNC input and 
the frame rate is determined by the pulse rate of VSYNC signal. All display data are stored in GRAM to 


minimize total data transfer required for moving picture display. 


VSYNC | | | | | | | ; 


RAM data 
write via 
system interface 


synchronized with? A. A j Au : ii H EE | E : 


internal clock 


Figure 21 Moving Picture Data Transfers via VSYNC Interface 


The VSYNC interface has the minimum for RAM data write speed and internal clock frequency, which 


must be more than the values calculated from the following formulas, respectively. 


Internal clock frequency (fosc) [Hz] 
= FrameRatex (DisplayLines(NL) + FrontPorch(FP) + BackPorch(BP)) x ClocksPerLine(RTN) x variance 
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240x DisplayL i NL 
RAM Write Speed(min.)[Hz] » x DisplayLines(NL) 


(FrintPorch(FP) + BackPorch(BP) + DisplayLines(NL) — margins) x 16(clocks) x 


fosc 


Note: When RAM write operation is not started right after the falling edge of VSYNC, the time from the 


falling edge of VSYNC until the start of RAM write operation must also be taken into account. 


An example of calculating minimum RAM writing speed and internal clock frequency in VSYNC interface 


operation is as follows. 


[Example] 

Panel Size 240 RGB x 320 lines (NL = 6'h27: 320 lines) 
Total number of lines (NL) 320 lines 

Black/front porch 14/2 lines (BP = 4'hE, FP = 4'h2) 

Frame frequency 60 Hz 


Internal clock frequency (fosc) [Hz] 
= 60 Hz x (320 + 2 + 14) lines x 16 clocks x 1.1 / 0.9 = 394 kHz 


When calculate the internal clock frequency, the oscillator variation is needed to be taken into 
consideration. In the above example, the calculated internal clock frequency with +10% margin variation 
is considered and ensures to complete the display operation within one VSYNC cycle. The causes of 
frequency variation come from fabrication process of LSI, room temperature, external resistors and VCI 


voltage variation. 
Minimum speed for RAM writing [Hz] 
> 240 x 320 / (((14 + 320 - 2) lines x 16 clocks) x 1/394 kHz) = 5.7 MHz 


The above theoretical value is calculated based on the premise that the RM68050 starts to write data into 
the internal GRAM on the falling edge of VSYNC. There must at least be a margin of 2 lines between the 
physical display line and the GRAM line address where data writing operation is performed. The GRAM 
write speed of 5.7MHz or more will guarantee the completion of GRAM write operation before the 
RM68050 starts to display the GRAM data on the screen and enable to rewrite the entire screen without 
flicker. 
Notes: 

1. The minimum GRAM write speed must be satisfied and the frequency variation must 


be taken into consideration. 
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2. The display frame rate is determined by the VSYNC signal and the period of VSYNC 
must be longer than the scan period of an entire display. 

3. When switching from the internal clock operation mode (DM[1:0] = *00") to the VSYNC 
interface mode or inversely, the switching starts from the next VSYNC cycle, i.e. after 
completing the display of the frame. 

4. The partial display and vertical scroll functions are not available in VSYNC interface 


mode and set the AM bit to “0” to transfer display data. 


VSYNC 
GRAM 
Write 


Back porch Display 
(14 lines, BP=4'hE) Operation 


Display area 
(320 lines, NL=7'h27) 


Two Lines 
Margin 


Front porch 
(2 lines, FP=4'h2) 


Wait for next VSYNC 


Figure 22 RAM Write Speed Margins 
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System Interface Mode à VSYNC Interface Mode VSYNC Interface Mode à System Interface Mode 


Operation through 
VSYNC interface 


System Interface 


Set AM=0 


Display operation 
synchronized with 
VSYNC 


Set DM[1:0]=2'b00, RM=0 
to enter system interface mode 
Set GRAM Address 

Display operation 
synchronized with 
internal clocks 


Set DM[1:0]=2'b10, RM=0 
to enter VSYNC mode Activate DM and RM 


after 1 completed frame 


Wait more than 1 frame 


SY 


Set index register to 
R22h 


Display operation 
synchronized with 
internal clocks 


: Activate DM and RM ¿stem Interface 
Wait more than 1 frame 
after 1 completed frame 


Note: input VSYNC for more than 1 frame period after 


Write data to GRAM through . . setting the DM and RM register 
VSYNC interface Display operation 
synchronized with 
i VSYNC 
Operation through 


VSYNC interface 


Figure 23 Sequences to Switch between VSYNC and Internal Clock Operation Modes 
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14. RGB Interface 


The RM68050 supports the RGB interface. The interface format is set by RIM[1:0] bits. The internal RAM 


is accessible via RGB interface. 


Table 16 RGB interface 


RIM1 RIMO RGB Interface DB Pin 

0 0 18-bit RGB interface DB17-0 

0 1 16-bit RGB interface DB17-13, DB11-1 
1 0 6-bit RGB interface DB17-12 

1 1 Setting inhibited - 


VSYNC ENABLE (V) 
Back porch period (BP) 


Moving picture 
display area 


Display period (NL) 


Front porch period (FP) 


HSYNC 


DOTCLK 


ENABLE (H) 


DB17-0 


Notes: 1. The front porch period continues until next VSYNC input is detected. 
2. Make sure to match the VSYNC, HSYNC, and DOTCLK frequencies to the resolution of liquid crystal panel. 


Figure 24 Display Operation via RGB Interface 
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14.1 RGB Interface Timing 


The timing relationship of signals in RGB interface operation is as follows. 


1 frame ! 
Back porch Front porch : 
[ | I 
VSYNC VLW >= 1H 
[ I 
| I 
HSYNC 
NE I 
RTI 
— TAI 
lija 
E 
ENABLE a 
1 l h 
DB[17:0] |^ MAL | ab Y 
bL 


l l ~ 
l l = 


' ~ 


/ 


HLW >= 3 DOTCLK 


HSYNC 
nis 


DOTCLK 
DTST >= HLW 
ENABLE 
wa | 


Valid data 


Figure 25 16-/18-bit RGB Interface Timing 


Notes: 
1. VLW: VSYNC Low period, 
2. HLW: HSYNC Low period, 
3. DTST: data transfer setup time 
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1 frame l 


I 
Back porch Front porch | 
1 I 


>! 
VSYNC VLW >= 1H 


[ 
l 
| 
! 
HSYNC 


DOTCLK f | j W | 
[| » ee 


1 | 
ENABLE | | i o l | 
| "wl 


~ 
] ! +. 
l i 
1 
I 


DB[17:12] Win A | 


/ 


HLW >= 3 DOTCLK 


HSYNC 1H 
Ooo 
DOTCLK 
DTST >= HLW 
GO R 
ENABLE 
RGBRGB BRGB 
oem S AAAA 
Valid data 
Figure 26 6-bit RGB Interface Timing 
Notes: 
1. VLW: VSYNC Low period, 
2. HLW: HSYNC Low period, 
3. DTST: data transfer setup time 
4. |n 6-bit RGB interface operation, set the VSYNC, HSYNC, ENABLE, DOTCLK cycles 


so that one pixel is transferred in units of three DOTCLKs via DB17-12. 


14.2 Moving Pictures Mode 


RM68050 has the RGB interface to display moving picture and incorporates GRAM to store display data, 


which has following advantages in displaying a moving picture. 
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* The window address function defined the update area of GRAM. 
* Only the moving picture area of GRAM is updated. 
* When display the moving picture in RGB interface mode, the DB[17:0] can be switched as system 


interface to update still picture area and registers, such as icons. 


14.3 RAM access via system interface in RGB interface operation 


RM68050 allows GRAM access via the system interface in RGB interface mode. In RGB interface mode, 
data are written to the internal GRAM in synchronization with DOTCLK and ENABLE signals. When write 
data to the internal GRAM by the system interface, set ENABLE to terminate the RGB interface and 
switch to the system interface to update the registers (RM - "0") and the still picture of GRAM. When 
restart RAM access in RGB interface mode, wait one read/write cycle and then set RM = “1” and the 
index register to R22h to start accessing RAM via the RGB interface. If RAM accesses via two interfaces 
conflicts, there is no guarantee that data are written to the internal GRAM. 

The following figure illustrates the operation of the RM68050 when displaying a moving picture via the 


RGB interface and rewriting the still picture RAM area via the system interface. 


Still Picture Area 


Moving 
Picture Area 


Update 
a frame 


Uy ccc d 


Update a 
frame 


INI 


DB[17.] AMAA, LLL —— 41010444 


moving 


Update 

picture Set Set Set Update display data in Set Set Set moving 
a IR to other than the moving ax IR to i 

area AMO AD(19:0] R22h picture area ADIT, Reet R22h Pa 


Figure 27 Updating the Still Picture Area while Displaying Moving Picture 
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14.4 6-bit RGB interface 


The 6-bit RGB interface is selected by setting RIM[1:0] = 2'b10. The display operation is synchronized 
with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in 
synchronization with the display operation via 6-bit port while data enable signal (ENABLE) allows RAM 
access via RGB interface. Unused pins DB11-0 (DB17-6) must be fixed at either IOVCC or IOGND level. 


Instruction bits can be transferred only via system interface. 


DB | DB | DB DB | DB | DB | DB 


DB | DB | DB | DB | DB | DB | DB | DB DB | DB | DB 
17 | 16 | 15 | 14 | 13 | 12 


Input 17 | 16 | 15 | 14 | 13 | 12 | 17 | 16 | 15 | 14 | 13 | 12 


BO 


write data 


GRAM | Re R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 | G2 | G1 | GO | BS | B4 | B3 | B2 | B1 


1 pixel Note: 262,144 colors 


Figure 28 Example of 6-bit RGB Interface and Data Format 
14.5 Data Transfer Synchronization in 6-bit Bus Interface Operation 


The RM68050 has counters, which indicate the first, second, and third 6-bit transfer via 6-bit RBG 

interface. The counters are reset on the falling edge of VSYNC so that the data transfer will start from the 
first 6 bits of 18-bit RGB data from the next frame period. Accordingly, the data transfer via 6-bit interface 
can restart in correct order from the next frame period even if a mismatch occurs in transferring 6-bit data. 
This function can minimizes the effect from data transfer mismatch and help the display system return to 


normal display operation when data is transferred consecutively in moving picture operation. 


VSYNC | | 
ENABLE Dojo | 
bonae! | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | 


(DB5-0) : 


First Second Third First Second Third 
transfer transfer transfer transfer transfer transfer 


Transfer synchronization 


Figure 29 6-bit Transfer Synchronization 
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14.6 16-bit RGB interface 


The 16-bit RGB interface is selected by setting RIM[1:0] = 2'b01. The display operation is synchronized 
with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in 
synchronization with the display operation via 16-bit ports while data enable signal (ENABLE) allows 


RAM access via RGB interface. 


Instruction bits can be transferred only via system interface. 


Input 


GRAM 
write data 


1 pixel Note: 65,536 colors 


Figure 30 Example of 16-bit RGB Interface and Data Format 
14.7 18-bit RGB interface 


The 18-bit RGB interface is selected by setting RIM[1:0] = 2'b00. The display operation is synchronized 
with VSYNC, HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in 
synchronization with the display operation via 18-bit ports (DB17-0) while data enable signal (ENABLE) 


allows RAM access via RGB interface. 


Instruction bits can be transferred only via system interface. 


zik zm 


riit4 


co | es JE JE Bo | 


input 17 | 16 | 15 | 14 | 13 | 12 | 11 | 10 


mwBEEEE 


R5 | R4 | R3 | R2 | R1 | RO | G5 | G4 | G3 cz | 


GRAM 
write data 


1 pixel Note: 262,144 colors 


Figure 31 Example of 18-bit RGB Interface and Data Format 


14.8 Notes to external display interface operation 


1. The following functions are not available in external display interface operation. 


Function External Display Interface Internal Display Operation 
Partial display Not available Available 
Scroll function Not available Available 
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2. 


3. 


The VSYNC, HSYNC, and DOTCLK signals must be supplied during display period. 


The period set with the NOWE[1:0] bits (gate output non-overlap period) is not based on the internal 
clock but based on DOTCLK in RGB interface mode. 


In 6-bit RGB interface mode, each of RGB dots is transferred in synchronization with a DOTCLK 
input. In other words, it takes 3 DOTCLK inputs to transfer one pixel. Be sure to complete data 
transfer in units of 3 DOTCLK inputs in 6-bit RGB interface mode. 


In 6-bit RGB interface mode, data of one pixel, which consists of RGB dots, are transferred in units 
of 3 DOTCLK. Accordingly, set the cycle of each signal in 6-bit interface mode (VSYNC, HSYNC, 
ENABLE, DB[17:0]) to contain DOTCLK inputs of a multiple of 3 to complete data transfer in units of 


pixels. 


When switching from the internal operation mode to the RGB Input Interface mode, or the other way 


around, follow the sequence below. 


In RGB interface mode, the front porch period continues until the next VSYNC input is detected after 


drawing one frame. 


In RGB interface mode, a RAM address (AD[15:0]) is set in the address counter every frame on the 
falling edge of VSYNC. 
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Internal Clock Operation RGB Interface RGB Interface Internal Clock Operation 


Operation through 


Display operation 
synchronized with 
internal clocks 


Activate DM and RM 
after 1 completed frame 


Set DM[1:0]=2'b01, RM=1 
to enter RGB mode 
Wait more than 1 frame 
Set index register to 
R22h 
Wait more than 1 frame 
Write data to GRAM through 
RGB interface 


Operation through 
RGB interface 


Y) 


Display operation 
synchronized with 
internal clocks 
Activate DM and RM Internal clock operation 

after 1 completed frame 


Display operation 
synchronized with 
VSYNC, HSYNC and 
DOTCLK 


Internal clock operation RGB interface 
Set AM=0 
Display operation 
synchronized with 
Set DM[1:0]=2'b00, RM=0 VSYNC, HSYNC and 
to enter system interface mode DOTCLK 
Set GRAM Address 


Note: input VSYNC, HSYNC and DOTCLK before setting 
the DM and RM register 


Figure 32 RGB and Internal Clock Operation Mode Switching Sequences 
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15.Partial Display Function 


The RM68050 allows selectively driving two partial images on the screen at arbitrary positions set in the 


screen drive position registers. 


The following example shows the setting for partial display function: 


,PTDP1 -9'hoC 


Partial Image 2 
DISPLAY Area 


0 


319 (320th Line) 


Figure 33 Partial Display example 


Partial image 1 display instruction | Partial image 2 display instruction | Other instruction 
PTDEO 1 PTDE1 1 BASEE 0 
PTSAO[8:0] 9'h000 PTSA1[8:0] 9'h020 NL[5:0] 6'h27 
PTEAO[8:0] 9'hO0F PTEA1[8:0] 9’h02F 
PTDPO[8:0] 9'h080 PTDP1[8:0] 9’hOCO 
GRAM MAP LCD Panel 
PTSAO=9'h00 
0 0 (1st Line) 
Partial Image 1 1 (2nd Line) 
GRAM Area SS 
PTEAO-9'h00 
F 
| ,PTDPO-9'h08 
PTSA1=9'h02 0 
0 Partial Image 1 
Partial Image 2 DISPLAY Area 
GRAM Area 
PTEA1=9'h02 
F 
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16.Window Address Function 


The window address function enables writing display data consecutively in a rectangular area (a window 
address area) made in the internal RAM. The window address area is made by setting the horizontal 
address register (start: HSA7-0, end: HEA 7-0 bits) and the vertical address register (start: VSA8-0, end: 
VEA8-0 bits). The AM and I/D bits set the transition direction of RAM address (increment or decrement, 
horizontal or vertical, respectively). Setting these bits enables the RM68050 to write data including image 


data consecutively without taking the data wrap position into account. 


The window address area must be made within the GRAM address map area. Also, the AD 16-0 bits 


(RAM address set register) must be set to an address within the window address area. 


Window address area setting range RAM address area setting range 
Horizontal direction 8'h00 x HSA s HEA s 8'hEF HSA s AD[7:0] < HEA 


Vertical direction 9'h000 x VSA s VEA s 9'h13F VSA s AD[16:8] s VEA 


GRAM address map 


17'h00000 |E m m m m E Ree eee eee | 17h000EF 


Window address area 


17'h13F00 BERR RP RRR ERR RRR eee | 17'h13FEF 


Window address area 


HSA = 8'h10, HEA = 8'h2F I/D = 2'h3 (increment) 
VSA = 9'h020, VEA = 9'h05F AM = 1'hO (horizontal writing) 


Figure 34 Automatic address update within a Window Address Area 
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17. CABC (Content Adaptive Brightness Control) 


RM68050 provide a dynamic backlight control function as CABC (Content adaptive brightness control) to 
reduce the power consumption of the luminance source. RM68050 will refer the gray scale content of 
display image to output a PWM waveform to LED driver for backlight brightness control. Content 
adaptation means that the content of gray sale can be increased while simultaneously lowering 
brightness of the backlight to achieve the same perceived brightness. The adjusted gray level scale and 


thus the power consumption reduction depend on the content of the image. 


RM68050 can calculate the backlight brightness level and send a PWM pulse to LED driver via LEDPWM 
pin for backlight brightness control purpose. The figure in the following is the basic timing diagram which 
is applied RM68050 to control LED driver. 


To 
LEDPWM 


TPERIO Tor 
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18. y Correction Function 


The RM68050 supports y -correction function to display in 262,144 colors simultaneously using gradient 
adjustment, amplitude-adjustment, and fine-adjustment registers. Each register consists of 
positive-polarity register and negative-polarity register to allow optimal gamma correction setting for the 


characteristics of the panel by enabling different settings for positive and negative polarities. 


Gradient Adjustment Fine Adjustment Amplitude Adjustment 
VREG10UT L> Register Register (6 x 3 bits) Register 
PRP/NO PRP/N1 KP/N5 KP/N4 KP/N3 KP/N2 KP/N1 KP/NO VRP/NO VRP/N1 
ES j 

MgPO/VgNO vo 
8to1 > vi 
selector > v2 

H | 

I 

+! 

| 
— v 
8to1 v8 

selector 

I 

| 

l 

8to1 VgP20/VgN20 

selector v20 

l 

I 

| 
8to1 VgP43/VgN43 > v43 

selector 

l 

I 

| 

8101 VgP55/VgN55 » 

selector 29 
m V56 

I 

H | 

I 

+H —_ “ 
m Vet 
8to1 VgP62/VgN62 
z selector veg 
VgP63/VgN63 v63 
ES ~ 


Figure 35 Structure of gamma correction function 
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3 3 
[__] RP3 VP4 L Rvs VN4 
8to1 8to1 VaN1 
VP5 | Selector VNS_} Selector d 
L |] RP5 VP6 L] RNS VN6 
[_] RP6 VP7 L] RN6 VN7 
|__| RP7 VP8 [__] RN7 VN8 


o S Z PRPO[3:0] KP1[3:0] Mpal Z NRNO[3:0] KN1[3:0] 
VPS NE 
[__] RP8 VP10 


[__] RNs VN10 
O rro vP11 Ld RNS YN 
[__] RP10 VIZ] Lu. L RN10 VNI2| L4 
(0) (0) 
Rx7=7R [ ]RP!! VP13 | Selector VgP8 >) Rx7=7R [ RN11 VN13 | selector VgN8 ) 
[__] RP12 VP14 L__] RN12 VN14 
C] RP13 VP15 L__] RN13 VN15 
DJ] RP14 VP16 DL] RN14 VNTE 
[—] RP Is KP2[3:0] CANIS KN2[3:0] 
VP17 VN17 
[__] RP16 VP18 L RN16 VN18 
[__] RP17 VP19 L] RN17 VN19 
L__] RP18 VP20 dá L__] RN18 VN20 me 
= to = to 
Rx7=7R LJ] RP19 ve21 | selector VgP20 Rx7=7R C] RN19 VN21 | selector VgN20 
DJ] RP20 VP22 DJ RN20 VN22 
L__] RP21 VP23 [__JRN21 VN23 
L] RP22 VP24 [[_JRN22 VN24 
C R23 KP3[3:0] J RN23 KN3[3:0] 
VP25 VN25 
DJ] RP24 VP26 DJ RN24 VN26 
L__] RP25 VP27 L__] RN25 VN27 
L__] RP26 VP28| o1 L__] RN26 VN28| o1 
= i] d (o) 
Rx7=7R DC] RP27 vP29 | selector VgP43 Rx7=7R DJ RN27 vN29 | selector VgN43 
[ ]RP28 VP30 [ ]RN28 VN30 
L__} RP29 VP31 L. | RN29 VN31 
LC] RP30 nme LC] RN30 VN32 
DJ] RP31 DO] RN31 
VP33 VN33 
[__] RP32 VP34 [ ]RN2 VN34 
L__] RP33 VP35 L__] RN33 VN35 
[__] RP34 yeso], L| RN34 VN36| i1 
= i] x (o) 
Rx7=7R LJ] RP35 vP37 | selector VgP55 Rx7=7R LJ RN35 VN37 | selector VgN55 
L__] RP36 VP38 L__] RN36 VN38 
L__] RP37 VP39 L__] RN37 VN39 
E RP38 VP40 [I RN38 VN40 


ur 2 PRP1[3:0] KP5I3:0] E. NRN1[3:0] KNS[3:0] 


VP41 VN41 


[__] RP39 VP42 [ ]RN39 VN42 
[C] RP40 VP43 L__] RN40 VN43 
4Rx7=28R VgP62 4Rx7=28R 


L RP41 VP44 L__] RN41 VN44 
8101 8101 
EM (x2 VP45 | Selector men VN45 | Selector VaN62 
[__] RP43 VP46 L__] RN43 VN46 
L| RP44 VP47 L] RN44 VN47 
LD ] RP45 VP48 LD] RN45 VN48 


Figure 36 Grayscale Voltage Adjustment 
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1. Gradient adjustment registers 

The gradient adjustment registers are used to adjust the gradient of the curve representing the 
relationship between the grayscale and the grayscale reference voltage level. To adjust the gradient, the 
resistance values of variable resistors in the middle of the ladder resistor are adjusted by registers 
PRPO[2:0]/PRNO[2:0], PRP1[2:0]/PRN1[2:0]. The registers consist of positive and negative polarity 


registers, allowing asymmetric drive. 


2. Amplitude adjustment registers 

The amplitude adjustment registers, VRPO[3:0]/VRNO[3:0], VRP1[4:0]/VRN 1[4:0], are used to adjust the 
amplitude of grayscale voltages. To adjust the amplitude, the resistance values of variable resistors at 
the top and bottom of the ladder resistor are adjusted. Same as the gradient registers, the amplitude 


adjustment registers consist of positive and negative polarity registers. 


3. Fine adjustment registers 

The fine adjustment registers are used to fine-adjust grayscale voltage levels. To fine-adjust grayscale 
voltage levels, fine adjustment registers adjust the reference voltage levels, 8 levels for each register 
generated from the ladder resistor, in respective 8-to-1 selectors. Same with other registers, the fine 


adjustment registers consist of positive and negative polarity registers. 


Register Positive Negative Function 
Gradient PRPO [2:0] PRN1 [2:0] Variable resistor VRCPO, VRCNO 
PRP1 [2:0] PRNO [2:0] Variable resistor VRCP1, VRCN1 
Amplitude VRPO [4:0] VRN1 [4:0] Variable resistor VROPO, VRONO 
VRP1 [4:0] VRNO [4:0] Variable resistor VROP1, VRON1 
KPO [2:0] KN5 [2:0] 8-to-1 selector (voltage level of V1) 
KP1 [2:0] KN4 [2:0] 8-to-1 selector (voltage level of V8) 
Fine KP2 [2:0] KN3 [2:0] 8-to-1 selector (voltage level of V20) 
adjustment KP3 [2:0] KN2 [2:0] 8-to-1 selector (voltage level of V43) 
KP4 [2:0] KN1 [2:0] 8-to-1 selector (voltage level of V55) 
KP5 [2:0] KNO [2:0] 8-to-1 selector (voltage level of V62) 
Source 
driver 
output 


Negative polarit 
VCOM O O Ada y 


Positive polarity 


Figure 37 Source output waveform and VCOM polarity relationship 
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18.4 Ladder resistors and 8-to-1 selector Block configuration 


The reference voltage generating block consists of two ladder resistor units including variable resistors 
and 8-to-1 selectors. Each 8-to-1 selector selects one of the 8 voltage levels generated from the ladder 
resistor unit to output as a grayscale reference voltage. Both variable resistors and 8-to-1 selectors are 
controlled according to the y-correction registers. This unit has pins to connect a volume resistor 


externally to compensate differences in various characteristics of panels. 
18.2 Variable resistors 


RM68050 uses variable resistors for the following three purposes: gradient adjustment 
(VRCP(N)O/VRCP(N)1); amplitude adjustment (1) (VROP(N)O); and the amplitude adjustment (2) 
(VROP(N)1). The resistance values of these variable resistors are set by gradient adjustment registers 


and amplitude adjustment registers as follows. 


Gradient adjustment Amplitude adjustment (1) Amplitude adjustment (2) 


PRP(N)O/1[2:0] | VRCP(N)0O/1 VRP(N)O[3:0]  VROP(N)O VRP(N)O[4:0] VROP(N)O 
3'h0 OR 4'hO OR 5'h00 OR 

3'h1 4R 4'h1 2R 5'h01 1R 

3'h2 8R 4'h2 4R 5'h02 2R 

3'h3 12R 

3'h4 16R 

3'h5 20R 4'hD 26R 5'h1D 29R 

3'h6 24R 4'hE 28R 5'h1E 30R 

3’h7 28R A4'hF 30R 5'h1F 31R 


18.3 8-to-1 selectors 


The 8-to-1 selector selects one of eight voltage levels generated from the ladder resistor unit according to 
the fine adjustment register and output the selected voltage level as a reference grayscale voltage 
(VgP(N)1~6). The table below shows the setting in the fine adjustment register and the selected voltage 


levels for respective reference grayscale voltages. 


Fine Adjustment 
KP(N)[2:0] VgP(N)1 VgP(N)8 VgP(NJ20 ^ VgP(NM3  VgP(N)55  VgP(N)62 
voltage resistor voltage resistor voltage resistor voltage resistor voltage resistor voltage resistor 

3'h0 VP(N)1 OR VP(N)9 OR  VP(N)17 OR  VP(N)25 OR  VP(N)33 OR VP(N)41 OR 
3'h1 VP(N)2 4R VP(N)10 1R — VP(N)18 1R dE 1R — VP(N)34 1R | VP(N42 4R 
3'h2 VP(N)3 8R VP(N)11 2R VP(NM19 2R VP(N)27 2R VP(N)35 2R  VP(N43 8R 
3'h3 VP(N)4 12R VP(N)2 3R  VP(N)20 3R o 3R  VP(N)86 S3R  VP(N)4 12R 
3'h4 VP(N)5 16R VP(N)M3 4R  VP(N)21 4R VP(N)29 4R  VP(N)37 4R  VP(NM5 16R 
3'h5 VP(N)6 20R  VP(N)]»4 5R  VP(N)22 5R im 5R  VP(N)88 5R  VP(N)46 20R 
3'h6 VP(N)7 24R VP(NM5 6R  VP(N)233 6R  VP(N)31 6R  VP(N)88 6R  VP(N)7 24R 
3'h7 VP(N)8 28R  VP(N)D6 7R VP(N)24 7R  VP(N)32 7R  VP(NJA0 7R  VP(NM8 28R 
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19. Power-Supply Generating Circuit 


19.1 Voltage Setting Pattern Diagram 


The following are the diagrams of voltage generation in the RM68050 and the TFT display application 


voltage waveforms and electrical potential relationship. 


BT[2:0] 


VGH 
(10.0719.8V) 


(4.576.0V) 
VRH[3:0 
VREG1OUT 
(3-(DDVDH-0.5)V) 


VC[2:0] VCI UCM 


vol OY 
(2.573.3V) (9 -0.9v) 


VDV 


VCOML 
((VCL+0.5) ~ -1V) 


VCI x -1 
VCL 


(-1.9 ~ -3.3V) 


> vel 
(-4.5713.5V) 


BT[2:0] 


Figure 38 Diagram of voltage generation 


Notes: 


1. The DDVDH, VGH, VGL, and VCL output voltages will become lower than their theoretical 
levels (ideal voltages) due to current consumption at each output level. Make sure that 
output voltage level in operation maintains the following relationship: (DDVDH — 
VREG10UT) > 0.5V, (VCOML - VCL) > 0.5V. Also make sure VGH-VGL s 28V, VCI-VCL 
< 6V. When the alternating cycle of VCOM is high (e.g. polarity inverts every line cycle), 


current consumption will increase. In this case, check the voltage before use. 


2. |n operation, setting voltages within the respective voltage ranges are recommended. 
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19.2 Liquid crystal application voltage waveform and electrical potential 


VGH 


VREG10UT 
VCOMH 


VCOM VCOML 


source driver output 


panel interface output 


Figure 39 Voltage output to TFT LCD Panel 
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Raydium Rev :0.1 


20. OTP control sequence 


Start 


P Y 


OTP PGM CNT-117 


Program OTP VCM Data 
RA1h=0x08xx 
(xx=6 bit VCM value) 


Figure 40 OTP control sequence diagram 
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21.Power Supply Instruction Setting 


The following are the sequences for setting power supply ON/OFF instructions. Set power supply ON/OFF 


instructions according to the following sequences in Display ON/OFF, Sleep set/exit sequences. 


21.1 Power Supply Instruction Setting 


Power On Sequence 


Power Supply On 
(Vcc, VCI, lOVcc) 


VCI lOVcc GND 


2. Or, apply VCI and lOVcc 
simultaneously 


Power On Reset 
and 
Display off 


| 


LCD Power Supply On Registers setting before 


Sequence 


power supply startup 


| 


50ms or more for 
stabilization 


Display Off Setting 
1. DTE =0 

2. D[1:0] = 2'b00 
3. GON=0 


Power supply initial setting 
1. VC[2:0] 

2. VRH[3:0] 

3. VCM[5:0] 

4. VDV[5:0] 

5. BT[2:0] 


Power supply operation setting 


> « 


Registers setting for 
power supply startup 


80ms or more for step- 
up circuit stabilization 


BoR 


Set other registers 


Operational amplifier 
stabilizing time 


| 


Display On Sequence 


Y 


1. APE=1 
2. AP[2:0] 
3. DC1[2:0] 
4. DCO[2:0] 


Display on setting 
1. SAP=1 


Display on setting 


Display On 


1. DTE=1 
2. D[1:0]=2'b11 
3. GON-1 


Power On Sequence 


Normal Display 


Display Off Sequence 


Display Off 


Y 


Display on setting 
1. DTE=1 

2. D[1:0]=2'b11 

3. GON=1 


Power Supply Halt Setting 


Register setting for 
power supply halt 


Power Supply Off 
(Vcc, VCI, lOVcc) 


GND lOVcc VCI 


2. Or, turn off VCI and 
lOVcc simultaneously 


1. SAP-0 
2. AP[2:0]-3'b000 
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21.2 Display On / Off Instruction Setting 


Display Off Sequence 


Display On Sequence 


Display Off Setting 
1. DTE =1 

2. D[1:0] = 2'b01 

3. GON=1 


Wait for 2 frames or 
more 


Display Off Setting 
1. DTE 71 

2. D[1:0] = 2'b00 
3. GON=1 


Wait for 2 frames or 
more 


Display Off Setting 
1. DTE =0 


2. D[1:0] = 2/b00 
3. GON-0 


Display Supply Off Setting 
1. SAP =0 
2. AP[2:0] = 3'b000 


Display Off 


Power Setting 
1. SAP=1 


Display On Setting 
1. DTE =0 

2. D[1:0] = 2'b01 
3. GON=0 


Wait for 2 frames or 
more 


Display Off Setting 
1. DTE =0 

2. D[1:0] = 2'b01 
3. GON=1 


Display Off Setting 
1. DTE =0 


2. D[1:0] = 2'b11 
3. GON=1 


Wait for 2 frames or 
more 


Display Off Setting 


Display On 
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21.3 Sleep mode/Standby mode SET/EXIT sequence 


Stanby 


Display Off Sequence 


Set Standby (STB-1) 


Release from Standby 
(STB-0) 


R10h c 0110h 


80ms or more for 
circuit stabilization 


Display On Sequence 


80ms or more for 
circuit stabilization 


RM68050 Data Sheet 
Rev -: 0.1 


Sleep 


Display Off Sequence 


Set Sleep (SLP=1) 


Release from Sleep 
(SLP=0) 


R10h c 0110h 


Display On Sequence 
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22.Application Circuit 


* |DUMMY27, 
mls 6319 


"2-3 


[6309 Su 


o 6307 
gs co 


|G301 S99 


ag [e297 
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23. Absolute Maximum Ratings 


Table 17 
Item Symbol Unit | Value Note 
Power Supply Voltage 1 VCI, IOVCC V -0.3 ~ 44.6 1,2 
Power Supply Voltage 2 VCI - GND V -0.3 ~ +4.6 1,3 
Power Supply Voltage 3 DDVDH -GND V -0.3 ~ +6.0 1,4 
Power Supply Voltage 4 AGND - VCL V -0.3 ~ +4.6 1 
Power Supply Voltage 5 DDVDH - VCL V -0.3 ~ +9.0 1,5 
Power Supply Voltage 6 VGH - GND V -0.3. — 418.5 1,6 
Power Supply Voltage 7 GND - VGL V -0.3 ~ +18.5 1 
Input Voltage Vt V -0.3 ~ IOVCC + 0.3 1 
Operating Temperature Topr Cc -40 ~ +85 1,7 
Storage Temperature Tstg ® -55 ~ +110 1,7 
Notes: 


1. The absolute maximum rating is listed on table above. When RM68050 is used out of the 
absolute maximum ratings, the RM68050 may be permanently damaged. To use the 
RM68050 within the following electrical characteristics limit is strongly recommended for 
normal operation. If exposed to the condition not within the electrical characteristics, it may 


affect the reliability of the device. 
2. Make sure VCl(high)2DGND(low), IOVCC(high)2DGND(low). 
3. Make sure VCI(high)2DGND(low). 
4. Make sure DDVDH(high)2AGND(low) 
5. Make sure DDVDH(high) 2VCL (low). 


6. Make sure AGND(high)2 VGL (low).. 
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24. Electrical Characteristics 


24.1 DC Electrical Characteristics 


(VCC = 2.50V ~ 3.30V, IOVCC = 1.65V ~ 3.30V, Ta= -40'C —85'C) 


Item Symbol Unit | Test Condition Min. Typ Max. 
Input *High" level voltage Vi V  [IOVCC = 1.65V-3.30V di - | IOVCC 
“ » " y 0.2x 
Input “Low” level voltage Vi V IOVCC = 1.65V~3.30V -0.3 - IOVCC 
Output “High” level voltage 1 V V IOVCC = 1.65V~3.30V 0.80 x 
(DB0-17, FMARK) SH IOH = -0.1mA IOVCC 7 
Output “Low” level voltage 1 V V IOVCC = 1.65V~3.30V 0.2 x 
(DB0-17, FMARK) OL IOL = 0.1mA T j IOVCC 
Input/Output leak current lu UA | Vin = 0-IOVCC -0.1 : 0.1 


Current Consumption : : 
fosc-512kHz (320line drive), 
(IOVCC-IOGND)*(VCC-GND) | lap, UA |IOVCC-VCC-2.80V, Ta=25C, e: TBD - 
Normal operation mode (262k-colors, RAM data: 18'h000000 
display operation) 


Current Consumption 


(IOVCC-IOGND)+(VCC-GND) | losr UA | lOVCC-VCC-2.80V, Ta=25°C à 1 NM 
Deep standby mode 
LCD Power Supply Current (OVCCAS C= 2.00, " 

ddvdh=5.20V, VREG10UT=4.8V, 
(VCI-GND) l Ici MA | Frame Rate=70Hz, Ta=25, RAM i 760 E 
262k-color display operation data: 18'h000000, line-inversion 
Output Voltage dispersion AVo mV |- - TBD = 


Average output voltage 
variance 


AVi mV | - - TBD - 
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24.2 AC Timing Characteristics 


24.2.180-System Bus Interface 


Figure 41 80-system Bus Interface 
Normal Write Mode (IOVCC = 1.65-3.3V, VCC=2.4-3.3V) 


Signal Symbol Parameter MIN | MAX |Unit Description 
RS Tast Address setup time 10 ns |. 
Tant Address hold time (Write/Read) 5 ns 
Tcuw Chip select "H" pulse width 0 ns 
nCS Tcs Chip select setup time (Write) 10 ns 
Tres Chip select setup time (Read) 5 ns 
Twe Write cycle 100 ns 
nWR TwrH Control pulse “H” duration 50 ns 
TwRL Control pulse “L” duration 50 ns | 
Tre Read cycle 300 ns 
nRD (ID) TroH Control pulse “H” duration 150 ns |- 
TroL Control pulse “L” duration 150 ns 
Tpsr Data setup time 10 ns 
: Tpur Data hold time 15 ns 
BITES Trat Read access time 100 | ns | 
Toby Output disable time 5 ns 
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24.2.2Clock Synchronous Serial Interface 


V 
IH 
Input Data V, ) 


Output Data 


Figure 42 Clock Synchronous Serial Interface 


IOVCC = 1.65-3.3V, VCC=2.4~3.3V 


Signal Symbol Parameter MIN | MAX | Unit Description 

Tscyc | Clock cycle (Write) 100 us 
Tscyc  |Clock cycle (Read) 200 us 
TscH Clock “H” pulse width (Write) 40 ns 

SCL Tscu Clock “H” pulse width (Read) 100 ns |. 
TscL Clock “L” pulse width (Write) 40 ns 
Tse Clock “L” pulse width (Read) 100 ns 
Tscr Clock rise time 5 ns 
Tscr Clock fall time 5 ns 
Tesu Chip select setup time 10 ns 
nCS Tou Chip select hold time 50 ns 

Twre Control pulse “L” duration 15 ns | 

SDI Tsisu Data input setup time 20 ns |. 
TsiH Data input hold time 20 ns 

SDO Tsop Data output setup time 100 | ns |. 
Tsou Data output hold time 5 ns 
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24.2.3RGB Interface 


rgbr 


>| 


Write Data 


Figure 43 Timing chart for RGB Interface 


18/16-bit Bus RGB Interface Mode (IOVCC = 1.65~3.3V, VCC=2.4~3.3V) 


Signal Symbol Parameter MIN | MAX | Unit Description 

Tsyncs | VSYNC setup time 0 ns 

VSYNC Tighr VSYNC rise time 25 | ns |- 
Tight VSYNC fall time 25 | ns 
Tsyncs |HSYNC setup time 0 ns 

HSYNC Trghr HSYNC rise time 25 | ns |- 
Tight HSYNC fall time 25 | ns 
Tens ENABLE setup time 10 ns 

PAE TENH ENABLE hold time 10 ns | 
. Tpps Data input setup time 10 ns 

DEBERE TPDH Data input hold time 40 ns | 
PWDH |DOTCLK “H” pulse width 40 ns 
PWDL |DOTCLK “L” pulse width 40 ns 

DOTCLK Tcvcp _ | DOTCLK clock cycle 100 - 
Trghr DOTCLK rise time 25 |ns 
Tight DOTCLK fall time 25 | ns 

6-bit Bus RGB Interface Mode (IOVCC = 1.65 ~ 3.3V, VCC=2.4~3.3V) 
Signal Symbol Parameter MIN | MAX |Unit Description 

Tsyncs | VSYNC setup time 0 ns 

VSYNC Trghr VSYNC rise time 25 ns |- 
Tight VSYNC fall time 25 ns 
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Tsyncs HSYNC setup time 0 ns 
HSYNC Trohr | HSYNC rise time 25 | ns |- 
Tight HSYNC fall time 25 | ns 
Tens ENABLE setup time 10 ns 
See TENH ENABLE hold time 10 ns | 
. Tpps Data input setup time 10 ns 
DB{17:0] TppH Data input hold time 30 ns | 
PWDH |DOTCLK “H” pulse width 30 ns 
PWDL |DOTCLK “L” pulse width 30 ns 
DOTCLK Tcvcp |DOTCLK clock cycle 80 = 
Trghr DOTCLK rise time 25 | ns 
Tight DOTCLK fall time 25 | ns 


24.3 Reset Timing Characteristics 


nRESET 


Figure 44 Reset Operation 


Reset Timing Characteristics (VCC = 1.8 ~ 3.3 V, IOVCC = 1.65 ~ 3.3 V) 


Item Symbol | MIN | MAX | Unit Description 
Reset low-level width Tres L 1 ns |- 
Reset rise time TRES 10 us |- 
Reset high-level witdth Tres H 50 ns |- 


With collaboration of https://www.displayfuture.com 
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